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COMMUNICATIONS 


THE ROYAL OCULIST*} 
BY 


P. D. TREVOR-ROPER 
{ IN this fiftieth anniversary of the death of Carl Theodore, duke in Bavaria 


and accomplished eye-surgeon, it is perhaps fitting to recall this gentle and 
distinguished colleague, who, in the days when social lustre was so artlessly 
admired, added such panache to the world of ophthalmologists, 

Carl Theodore was born in 1839, the second son of Duke Maximilian and 
of the Duchess Ludovica, who was a sister of Ludwig I of Bavaria and an 
aunt of Franz J oseph of Austria. : He fought with distinction in the war of 
1866 against Austria, and then seriously set himself to the study of medicine 
under the famous chemist Justus von Liebig, the physicist Jolly, the diag- 
nosist Ludwig von Buhl, and the anatomist Rtidinger. This was interrupted 
by the Franco-Prussian 
war of 1870, when the duke 
re-emerged as a Colonel of 
the Bavarian Light Horse, 
but by the summer of 1872 
he was created an honor- 
ary doctor by the Medi- 
cinal faculty of Munich 
University, taking his 
degree “with shining 
honours” the following 
year. He then studied 
ophthalmology under Prof. 
Deutschland, and was 
apprenticed at Ziirich and 
Vienna, meanwhile pub- 
lishing treatises “On the 
Variability of the 
Vitreous’’, “‘On the Patho- 
logical Anatomy of 
Shortsightedness”, “The 
Bacillus in the Human 
Eye”, and many others. 











* Received for publication August 24, 1958, eoac 
f Most of the biographica) details have been drawn from contemporary articles in The Windsor Magazine and The 
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The duke first started to practise in 1877 in Mentone, where he took over 
the “business” of Prof. Iwanoff; then in 1880 he converted his beautiful 
castle at Tegensee into an eye-hospital, and later started clinics at Moran and 
Munich. In these he performed over 5,600 operations, of which 3,500 were 


for cataract; and in the majority of them he was assisted by his second wife, 
who held the head, washed the wound, and applied the bandages! 





The Duke’s palace at Possenhofen. 

His sisters had all married well (one had become Queen of Naples, another 
the Empress of Austria, and a third the equally ill-fated Duchesse d’Alengon), 
but his elder brother, with a disposition inherited from his Uncle Ludwig I, 
had made a morganatic marriage with an actress of the Court Theatre at 
Munich, and on her death he promptly married another “theatrical vocalist 
of humble birth”, so Carl Theodor acceded to the duchy. 

He lived to a ripe age, sharing his enthusiasm with his second wife (a 
daughter of King Miguel I of Portugal—his first wife, a daughter of King 
John of Saxony, having died in childbirth) and their five children; his 
daughters were acclaimed as “the most accomplished lady cyclists in Ger- 
many”. By a happy coincidence, one of these daughters—now Queen 
Elisabeth of the Belgians—has just renewed her association with ophthal- 
mology; and in gracing the opening of our 18th International Congress at 
Brussels has honoured a faculty that happens to be near to her heart. 

By all accounts the duke was a generous, wise, and gentle man; some- 
times too a romantic dreamer, like his sister the Empress Elisabeth. 
Although his practice included the Emperor of Germany, by far the greatest 
number of his patients were the poor among his subjects; and if it is only for 
the compass of his philanthropy, it is seemly that his name should not be 
forgotten. 
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FUNCTIONAL SPASM OF ACCOMMODATION*t 


BY 
L, H. SAVIN 


London 


FUNCTIONAL spasm of accommodation was described by von Graefe (1856), 
and there are many case reports in the literature (Duke-Elder, 1949). The 
condition is sufficiently infrequent to retain a slightly bizarre flavour. The 
cases which occur sporadically in the out-patient departments of hospitals 
tend to be dismissed as relatively unimportant, and it is rare to be able 
to obtain an effective follow-up in hospital work. For this reason the 
material for this paper has been obtained from the records of a series of 12 
private patients. One has been followed for 29 years, one for 14 years, 
one for 10 years, two for 5 years, one for 4 years, two for 3 years, two for 
2 years, and two for 1 year or less. 

Naturally, the condition is restricted to age groups in which the accom- 
modation is active. In my series three patients were under 10 years of age, 
four between 10 and 20 years, two between 20 and 30 years, and the others 
30, 32, and 33 years respectively at the time of their attacks. In one patient 


-who has been followed from the age of 30 to 60, while the pseudo-myopia 


has disappeared with advancing age, symptoms strongly suggesting spasm 
of the ciliary muscles still recur. 

For the purpose of this paper it has been possible to make a careful study 
of 21 attacks of accommodative spasm, as recurrences of the trouble have 
been frequent. Six patients have had one attack, three have had two 
attacks, and three have had three or more attacks. 

There were eight females as against four males, though the more serious 
symptoms all occurred in males. 


Clinical Findings 


Refractive Errors——Preliminary refractive tests were made without 
cycloplegics. Where spasm was suspected from the symptoms or from the 
variability of responsé, cycloplegics were employed before the diagnosis was 
definitely made. The children were tested under atropine cycloplegia, and 
most of the adolescents and adults for reasons of convenience under homa- 
tropine and cocaine. These tests shewed that spasm was not confined to 
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This paper was delivered to the ‘Section of Ophthalmology of the Royal Society of Medicine on February 13, 1958. 
3 










L. H. SAVIN 





4 


any one type of refraction. Five patients were hypermetropic, three em- 
metropic, and four myopic. Only two shewed astigmatism of more than 
one dioptre, one patient being myopic, the other hypermetropic. 












Degree of Spasm Achieved.—Here again there was considerable variation. 
Two achieved 8 dioptres of spasm, one 5 dioptres, three 4 dioptres, one 3 
dioptres, two 2 dioptres, and three 1 dioptre. There were individual 
exceptions, but the myopes seemed to suffer spasms of higher degree on the 
average than the hypermetropes and emmetropes in the series. 













Associated Headaches.—These were not a prominent feature. Patients 
were not specially questioned about headaches, but details of the headaches 
were taken when the symptom was spontaneously mentioned. Seven out of 
the twelve complained of frontal headache, but no stress was laid on the 
severity of the symptom. Eye-ache was mentioned in a few cases. 










Associated Nausea.—This was inquired for in those complaining of head- 
ache but was admitted in only two cases. 











Heterophoria.—This was usually measured with the Maddox rod. As 
would be expected, the majority of patients shewed esophoria, but exophoria 
for distance was noted in a few cases. The distance readings in seven cases 
of esophoria were 2, 7, 10, 12, 12, 26, and 27 prism dioptres. The exophoria 
readings were 3, 4, and “gross”. Two patients did not possess simultaneous 
macular perception and Maddox rod readings were impossible. Significant 
hyperphoria was not noted. 












Diplopia.—This was complained of in only four cases. In two of these 
there was little or no associated measurable alteration in the parallelism of 
visual axes, one having gross exophoria, and the other gross esophoria. 

The symptom was mentioned incidentally, and did not seem to the patient 
to be of much importance compared with the diminution of distant vision 
which in nearly every case was the initial severe symptom. 













Associated Mental Stress.—This was noted in-ten of the twelve patients, 
and the other two denied associated worry with perhaps a slight over- 
emphasis on its absence. The factor of mental distress was sufficiently 
pronounced in most cases to be an inescapable feature. 








Case Reports 


Case 1 was that of the rather dull daughter of a doctor-father extremely ambitious for her 
scholastic advancement. The first attack of accommodative spasm occurred when she 
was cramming for school certificate, and the trouble recurred when she took higher 
certificate. Afterwards her father articled her to a chartered accountant which entailed 
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concentrated study. The accommodative spasm recurred before her intermediate 
examination, when she achieved 7 dioptres of spasm and gross esophoria. She managed 
to pass the examination, but expects another attack as she approaches the dreaded finals. 
Her father seems quite incapable of understanding his daughter’s fear of these recurrent 
tests. 


Case 2 was a girl who complained of blurred vision shortly before the 11 + examination 
which she passed successfully. She was found to have 4 dioptres of spasm as estimated 
under homatropine. The trouble did not recur after she had passed the examination. 


Case 3 was an engineer aged 33 with moderate myopia. Both parents developed diabetes 
in rapid succession, and he was terrified lest in due course he too might develop the 
disease. His parents’ diabetes took an unfavourable course, and he developed about 
3 dioptres of accommodative spasm associated with a convergence spasm of 27 prism 
dioptres. Seven years previously in 1939 he had had a similar attack when worried by 
the onset of World War II. 


Case 4 was a child aged 8 years with a low degree of hypermetropia. Several members of 
the family have proved pleasant but nervous and “highly strung” persons. The patient 
was very upset emotionally by the operation of tonsillectomy, and she developed an 
accommodative spasm of 1-5 dioptres combined with a gross esophoria. She was 
referred to Miss Sylvia Jackson, the orthoptist, and after a few relaxing treatments the 
spasm disappeared. At intervals in subsequent years the patient was treated for other 
eye troubles without obvious physical basis, such as photophobia without overt cause. 


Case 5 was a soldier’s wife who was first seen with mild accommodative spasm in 1922 
by Arthur Griffith when she was 25 years old. She had been in Dublin in the Sinn Fein 


troubles and had been worried about the safety of her husband and small child. The 
spasm passed when her husband was posted to India, but she “‘went blind” for a few 
days in Palestine in 1927. Spasm recurred in 1944 after war stress. Her husband took 
her to Canada in 1948 but she did not like the country. There was a recurrence of 
accommodative spasm and she rushed back to England “‘for fear of her sight”, at the 
last minute, booking an air passage for greater speed while she left her husband and 
family to follow by sea. After her return a few orthoptic treatments put her right. 

In 1951 her husband took her for a holiday to Ireland, where for a few days everything 
was lovely until they visited Dublin. Here everything ‘came back in a rush” from her 
memories of the ‘“‘troubles”. She had violent headaches and saw an Irish ophthalmic 
surgeon for sudden “blindness”. He found her plus correction for distance needed 
considerable reduction and ordered much “weaker” glasses. Shortly afterwards she 
returned to England when the Irish glasses became useless and she reverted to the stronger 
pair. She had another mild attack in 1956. Normally she is a pleasant rather vivacious 
woman, but on this occasion her vivacity almost reached manic degree. Although nearly 
60 years of age she still retains an accommodative power of unusual range. 

Her sister in Canada has similar attacks. 

To sum up, this patient is very emotional and easily upset, when she invariably over- 
accommodates. Unless her distance glasses are considerably undercorrected, in a 
“brainstorm”’, things will “always go blurred at a distance”. Orthoptic treatment is 
on occasions useful, but if the orthoptist is not carefully chosen the patient will become 
obsessed by her ocular condition. A line of breezy self-confident reassurance about her 
eyes seems to work best, after which she will sometimes run a clear spell of a year or two. 
Her eyes seem in some way to be a peg on which she can hang her emotional troubles. 
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Case 6 was a girl aged 19 years, learning radiography, who was emmetropic. Some of her 
duties took her into a “‘cancer ward”’, after which she developed pseudo-myopia, con- 
vergence spasm, and diplopia. During the recovery stage she had about 0-75 dioptres 
of spasm which soon relaxed with orthoptics. She habitually wore exceedingly dark 
glasses which she protested were necessary even in very poor light. No organic cause 
was found for her photophobia. 


Case 7 was a nervous and anxious ladies’ hairdresser aged 30 years and emmetropic. 
She first had blurred distance vision in 1940 after a mastoid operation, and this became 
worse when her husband was called up in 1942. Although he was R.A.F. groundstaff 
and stationed quite near her, she “lay awake all night” worrying about his safety. She 
was found to be exophoric and suffering from about 1 dioptre of accommodative spasm. 
The condition rapidly improved after simple reassurance. 


Case 8 was a successful farmer aged 33 years, very ambitious and anxious to expand his 
farm and make it pay. In 1951 he was wearing correction - 3 D sph. for the right eye, 
and -3-5 for the left eye. This refraction remained unchanged until 1955, when he 
bought a second farm some miles from the first and tried to run both farms at the same 
time. His distance vision grew worse and early in 1956 he had 3-5 dioptres of accom- 
modative spasm. He had a large divergent squint but no diplopia as his binocular vision 
was very poor. \ 

He refused to admit that his farming difficulties could have upset him, asserting rather 
aggressively that he could tackle twice as much. His only worry was that he and his 
wife had no children after several years, and ‘“‘who would inherit the farm?”. Later in 
the year his wife became pregnant, and when last seen he had acquired yet another farm. 
His accommodative spasm had disappeared and he was in a state of bouncing joie-de-vivre 


and prosperity. 


Case 9 was a small, very serious emmetropic boy aged 12 years. He had an intensely 
ambitious father who had played international Rugby football ‘“‘scoring tries for his 
country’’, and had been captain of a well-known public school. The boy was desperately 
anxious to go to the same school, and later to enter the church, but the family finances 
would not run to this unless he obtained an “‘open scholarship”. Unfortunately the lad, 
though a hard worker, was scarcely of scholarship calibre. He received intensive special 
coaching but shortly before the examination he “‘went blind”, and was found to have 4 
dioptres of accommodative spasm and a considerable exophoria. The father was 
extremely anxious that drastic treatment should be tried, so that his son could 
emulate his father’s prowess, and all this was discussed with intense earnestness in front 
of the quailing child. The help of the family doctor was enlisted, and eventually the 
boy was sent without loss of face to a school less exacting in scholarship and athletics, 
where he is doing remarkably well. A second younger boy is being sent shortly to the 
grander school. Curiously the father can find the money for this younger child, though it 
was “impossible” for the elder brother. 


Case 10 was an extremely shy little girl aged 8, who was hypermetropic and suffering from 
threadworms. She had been referred from school as being “unable to see either for 
distance or near work”. She was found to have about 1-5 dioptres of pseudo-myopia and 
a severe convergence spasm. This all cleared up after a few days away from school. 
The child'was so shy that it was impossible to hold any sustained conversation with her. 
As far as her parents knew she liked her school and was quite happy. 
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Case 11 was a student teacher aged 23 years who “went blind” with frontal headache 
shortly before an examination. His visual acuity was 6/5 in each eye with - 14 D sph. 
in the right eye, and -12 D sph. in the left. Refraction under atropine showed that 8 
dioptres of spasm were present. There was a tendency to exophoria and diplopia. 
After the atropine wore off he was allowed to sit for the examination with one eye covered 
to obviate the double vision, and writing with his nose almost on the paper. In this way 
he succeeded in passing. He found that an occluder over one eye did not prevent pain 
as the “eye strains underneath it’’, but it enabled him to manage to write. 

He had started work as a grocer’s boy; but had achieved a fairly good school certificate 
by intense study at evening classes. After not being a great success in an office he decided 
to become a teacher. Unfortunately he found discipline difficult to maintain, and 
worried greatly in consequence. After several recurrences of the accommodative spasm 
he was referred to the psychiatric department of King’s College Hospital, where he was 
found quite adequate intellectually for his work. He was however very shy, inhibited, 
and withdrawn, disturbed over his inability to control class discipline, and doubtful of his 
own intellectual ability. He hoped to make the grade in some school outside London, 
where the children were “‘less tough” and he might be able to hold their interest. 

He has now managed to qualify and is doggedly holding down a post as junior teacher. 
So far his accommodative spasm has not reappeared. 


Case 12 was an emmetropic girl aged 16 years, who had been considerably upset by a 
motor accident in which she was said to have gone through the windscreen. After her 
return to school she found the blackboard blurring, and had about 1 dioptre accom- 
modative spasm. Atropine was employed as a cycloplegic, and when this was omitted 
the spasm did not recur. 


Conclusions 


Spasm of accommodation may occur in either sex. The symptoms may 
manifest themselves in emmetropes, hypermetropes, or myopes, the more 
severe cases in this series being in myopes of moderate degree. Frontal 
headaches were sometimes associated. Either esophoria or exophoria was 
commonly present, diplopia being associated in certain cases. Nausea and 
photophobia occasionally occurred. 

The most constant precipitating factor in the series seemed to be emotional 
distress. The typical emotional situation seemed to be either sheer fright 
or one in which an ambitious but rather inadequate personality was attempt- 
ing a task a little too hard, in which failure would entail “‘loss of face”. 
The ex-grocer boy’s ambition to become a qualified teacher was natural and 
laudable for an ambitious, youth, but he could not concede to himself that 
failure might be due to insufficient preparation, to lack of application, to 
lack of capacity, or even to sheer bad luck. A more aggressive personality 
may take refuge in the familiar alibi that the examiners ask grossly 
unfair questions, but a timid and shy personality has an alternative escape 
route. If his eyes “give out”, his failure is completely justifiable even to 
himself. Like other hysterical manifestations, the symptom is meaningful 
and useful to the patient. 

Human motivation is so obscure that this explanation is advanced with 
diffidence. It is hard enough to assess one’s own motives, much less 
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penetrate the mind of another. But from the practical viewpoint, spasm of 
accommodation readily responds to treatment planned on the hypothesis 
that the symptom is hysterical, in a patient of depressed mood. 


Treatment.—Almost any treatment is successful which will tide over the 
precipitating crisis without puncturing the balloon of self-esteem. Atropini- 
zation works if it is carried past the date of the examination. Very often the 
patient’s fears are not solidiy based, and his chances of success are objectively 
better than his subconscious estimate. For such people orthoptics is 
invaluable, largely because of the unconscious encouragement given by the 
charming and sympathetic lady orthoptists. Patients can be led to feel that 
they may as well “have a try”, and that in the event of failure “someone 
will understand”. Breezy reassurance of the hearty back-slapping type is 
always helpful to such patients. They do not understand the psychogenic 
nature of their symptoms, and their fear of blindness is genuine and real. 
They tend, as a group, to be extremely naive, so that even such inexpert 
advice on their general problems as may be given by an ophthalmologist, 
may sometimes help them. The outlook for an individual attack of accom- 
modative spasm is always good. The frequency with which attacks recur 
in situations of stress in spite of treatment, emphasizes the doctor’s difficulty 
in attempting to modify the personality of a patient. 





My thanks are due to Dr. Denis Hill, Physician in Psychological Medicine to King’s College 
Hospital, for his forbearance and patient help with this paper. 
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PROPTOSIS AS THE FIRST SIGN OF ORBITAL SEPSIS 
IN THE NEWBORN* 


BY 


E. D. BURNARD 
Paediatric Unit, St. Mary’s Hospital Medical School, London 


THREE cases are reported in which infection in the deep orbital tissues caused 
proptosis before there were signs of local inflammation and led to difficulty 
in diagnosis. 

Case Reports 


Case 1, a 14-day-old female European infant, was admitted to hospital with a history of 
swelling of the right eye for 3 days. She was the third child of healthy parents. Labour 
had been induced by rupture of membranes 3 weeks after the the expected date of delivery 
and was uneventful (birth weight 8 lb. 2 oz.). ‘The baby was taken home on the eighth 
day and 2 days later the mother noticed that the right eye was protruding. This in- 
creased in the next 2 days although the child seemed quite contented and was feeding at 
the breast. 

On admission the baby looked healthy and was vigorous (weight 8 lb. 2 0z.). Proptosis 
was present (Figure), and there was slight redness of the surrounding lid. The globe 
was displaced slightly downwards and moved in all directions. The fundi were normal. 
White cell count 24,000 per c.mm. with 13,000 polymorphs. The appearances of the 
skull on x-ray examination suggested widening of the zygomatico-frontal suture or 
alternatively a small area of bone destruction. The mother was noticed to have a pustule 
on one hand. Treatment was started with chloramphenicol 250 mg. daily. 





FiGurE.—Appearance of Case 1 on admission. 


After 3 days, during which time there was a slight fever (temperature 99-6°F. on two 
evenings), a canthotomy was performed. On reflecting the right external rectus and 
passing a probe backwards and inferiorly, thick yellow pus welled up, which grew 
Staphylococcus aureus, coagulase positive. 

In the opinion of an ear, nose, and throat consultant who saw the baby at this time, the 
source of the pus could not have been an ethmoid abscess, which would be expected to 


* Received for publication March 5 ,1958. 
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produce an outward displacement of the globe, nor was there any sign of maxillary 
sinusitis. Penicillin and streptomycin were added to the treatment. During the next 3 
days the right eye-lid became oedematous, but the globe receded and within 9 days of 
admission the eye had returned almost to normal. An x-ray examination no longer 
showed any abnormality. The baby was discharged 3 days later. The reactions to 
visual stimuli were normal at follow-up. 


Case 2, a male Negro infant, the ninth child of Jamaican parents, was admitted in a 
collapsed state with bilateral proptosis, at the age of 14 days. The mother had been 
treated with penicillin during pregnancy as her Wassermann reaction was positive. 
Delivery had been normal and at full-term (birth weight 5 lb. 6 oz.). A Wassermann test 
of the cord blood was negative. The baby fed at the breast and was discharged on the 
tenth day weighing 5 1b., but 4 days later he was brought back to hospital gravely ill. 
The mother said that his eyes seemed a little swollen soon after he got home but she 
thought he was fit for the next 2 days because he fed well and cried strongly. 

However, on arrival at hospital, he was a feeble, shrunken baby with bilateral proptosis, 
conjunctival oedema, and swelling of both upper and lower lids, signs that were more 
pronounced on the right. The pupils reacted to light and the movement of the eyes 
were present. The fundi were normal. There were no physical signs in the other sys- 
tems. White cell count 3,500 per cu.mm., Hb 17 g. per cent. A provisional diagnosis 
was made of retro-orbital cellulitis and probable septicaemia. Penicillin, streptomycin, 
and intravenous fluid were given. On the following day there were left-sided convulsions, 
Swabs from the nose and conjunctivae had by this time grown a coagulase-positive 
Staphylococcus aureus, sensitive to streptomycin but not to penicillin. A lumbar puncture 
was done but only two drops of fiuid, sterile on culture, were obtained. The baby’s 
condition deteriorated and he died 48 hours after admission. 

The post-mortem examination showed pyaemia with patches of haemorrhagic consoli- 
dation throughout the lungs, a single smal) abscess in the myocardium, and another in 
the left kidney. There was meningitis with thin purulent exudate surrounding the basal 
region. There was no thrombosis in either cavernous sinus, although a little thin 
purulent material was seen in the left. Pus was present in the retro-orbital tissues of 
both sides, and there was osteitis of the right petrous temporal bone. Swabs from the 
lungs and brain grew staphylococci in pure culture. In the pathologist’s opinion the 
respiratory tract had been the origin of the septicaemia. 


Case 3, a female infant, was the second child of healthy Jamaican parents. The preg- 
nancy had been normal. There was slight asphyxia after delivery with grunting breathing 
for 30 minutes (birth weight 8 Ib. 3 oz.), and after 24 hours proptosis of the right eye was 
noticed. 

The pupils reacted normally to light and movements of the globe were present and 
normal as far as could be ascertained. There was no oedema or swelling and the baby 
was afebrile, The fundi were normal. White cell count 11,300 per c. mm., polymorphs 
54 per cent., lymphocytes 27 per cent., monocytes 15 per cent. No other investigation 
was undertaken at this point and in view of the experience with the previous two cases 
treatment was started with chloramphenicol 125 mg. 6-hrly, The proptosis became 
more pronounced and there was slight oedema of the lids in the next 2 days. The baby 
continued to feed well at the breast and on the fourth day was transferred to an ophthalmic 
hospital, where chemotherapy was continued for a total of 12 days. No abnormality 
was seen in an x-ray of the orbits, 

She was examined by an ear, nose, and throat consultant, who could find no sign of 
infection of maxillary or ethmoid sinuses. On the twelfth day the proptosis was less 
and by the sixteenth the appearance of the eye was normal. The mother in the meantime 
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had been treated for puerperal pyrexia, although no specific infecting organism was 
discovered. She made a good recovery and rejoined the baby to resume breast feeding. 


Discussion 

The interest in these patients lies in proptosis as the first sign of infection 
in babies who, as far as the parents had observed (Case 1), and, in the opinion 
of the hospital staff attending Cases 2 and 3, seemed otherwise normal and 
healthy. It is true that the second baby succumbed rapidly with bilateral 
signs that pointed to generalized disease, but judging from the history there 
was a period of 3 or 4 days when he seemed to be healthy despite the develop- 
ing proptosis. It is also apparent that weight gains had been unsatisfactory 
in Cases 1 and 2. In none of them, however, was anything thought to be 
wrong before the proptosis was noticed, so that in Cases | and 3 a diagnosis 
of retro-orbital neoplasm was first considered. 

The nature of the illness in Case 1 was disclosed by surgical exploration, 
the leucocytosis and equivocal x-ray findings having already provided grounds 
for antibiotic therapy. In Case 3 there was no such confirmatory evidence 
and the diagnosis rests on the course of the illness and the good response 
to antibiotic treatment. 

It seems likely that in the absence of much visible oedema the site 
of infection must have been far back in the retro-orbital tissues. The 
path by which they were invaded is uncertain. Spread from purulent 
sinusitis of the ethmoids or antra is a possibility (Duke-Elder, 1949), but in 
none of the babies was there any of the signs of sinus infection which in the 
newborn causes great swelling of the face (Parsons and Barling, 1954), nor 
had there been a predisposing lesion such as conjunctivitis or rhinitis. 
Osteitis was present as part of the widespread sepsis in the basal skull region 
in Case 2, having probably arisen from a staphylococcal pneumonia. The 
way this baby’s illness developed may provide a clue to the course of events 
in the other two. Four days before admission, at a time when staphy- 
lococci must have been disseminating, the baby was feeding well and behaving 
vigorously. The fact that newborn babies may not react acutely to staphy- 
lococcal invasion, preserving their normal behaviour as a state of septicaemia 
is developing, was remarked upon by Sir James Spence, and several such 
instances are reported by Cass (1940). It seems possible that Cases 1 and 3 
were in a phase of generalized staphylococcal invasion which had just 
localized either as an osteitis in the region of the sphenoidal fissure or 
perhaps as a cellulitis deep in the retro-orbital fat. 

The pustules on the mother’s hand may have some significance as the 
original source of infection in the first patient. The second was presumably 
an example of cross-infection in the nursery. The same may have been 
true of the third, despite the short latent period, or alternatively the mother’s 
puerperal illness might have begun with infection during labour when it 
could have passed to the baby. 
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Summary 


Three cases of proptosis in the newborn are described. Deep-seated 
retro-orbital sepsis was proved to be present in two and presumed in the third. 


In the early part of the illness local signs of inflammation were absent and the 
babies were not sick. Treatment directed to an infective cause resulted in 


rapid recovery in two of the babies. 


My thanks are due to Mr. J. P. Erskine and Miss Amy Fleming, Maternity Department, 
Paddington General Hospital; Mr. A. G. Cross, Western Ophthalmic Hospital; Dr. T. Stapleton, 
Paddington Green Children’s Hospital; and to Dr. J. Guthrie for the post-mortem report on 
Case 2. 
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EVERY practising ophthalmologist meets with changes in the colour of the 
cornea, and it is indeed astonishing that this small gelatinous mantle, hardly 
more than half-a-millimetre in thickness, can register so many chromatic 
variations. Abnormal pigmentation may be congenital or acquired, tran- 
sient or permanent, stationary or progressive, endogenous or exogenous, 
benign or malignant. It may be confined to the anterior or posterior surface, 
and may occupy any or all of the intervening layers. It may be disposed in 
a regular pattern or haphazardly scattered. Sometimes the whole corneal 
area will be tinged. In other instances we find abnormal coloration limited 
to the periphery or concentrated at the axis. Bearing in mind all these 
possibilities, we must admit that classification of corneal colour change is 
not easy, and our difficulty is enhanced by the fact that such change may be 
linked with accessory signs not only in the cornea itself, but also in other 
parts of the eye. Associated abnormality can also arise in the ocular adnexa 
and in more remote organs. 

Some observers have tried to draw a distinction between real and apparent 
changes in corneal coloration, and from one point of view their attitude 
seems logical. Nevertheless we do not always find, amidst kaleidoscopic 
conditions of practice, any sharp line of division between real and apparent 
colour. In the laboratory we can control the background so as to obtain 
valid answers from a colorimeter, but the living human cornea is backed by a 
screen of pigment which widely varies from: patient to patient. Thus, for 
instance, the anterior corneal surface illuminated in a certain way can appear 
brown by virtue of its uveal background, without any corresponding struc- 
tural modification in the cornea itself. Similarly, a tint may be imparted to 
the corneal periphery by changes in the limbal zone of the sclera or in the 
adjacent network of vessels. The concept of colour has become more and 
more complicated with the growth of knowledge, so that practising ophthal- 
mologists cannot keep pace with all the modern techniques of investigation. 
We can nevertheless appreciate that there is a large subjective factor in most 
of our judgments concerning colour; and there is no call for bewilderment if 
we find the same structure changing its hue when we gaze at it from another 
angle, or with a different mode of illumination. 








* Received for publication February 10, 1958. 
+ Based on a lecture delivered in Sad Paolo and other South American cities at the invitation of the Pan-American 
Ophthalmological Society, Feb.-March 1 
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ASSEMBLAGE OF PATIENTS 


Even if we could evolve a simple but comprehensive scheme of classification, we 
might easily overlook many instances of abnormal coloration in everyday practice. 
Sometimes the change is so conspicuous as to be noticed by the patient, who 
accordingly comes to seek an explanation. More often we shall meet the colour 
change fortuitously during routine examination of a patient who has perhaps 
come to be refracted, or to seek treatment for some quite different lesion. Then 
again, we may go out of our way to search for corneal pigmentation as evidence 
of extra-ocular disease (e.g. hepato-lenticular sclerosis, Wilson’s disease). Further- 
more, the presence of pigment in the cornea may be of medico-legal significance, 
as, for example, when it points to former injury. Industrial conditions must also 
be kept in mind, because certain vapourized substances can be directly deposited 
in the cornea. Other foreign material, or derivatives from such, may be indirectly 
absorbed by the cornea after having entered the body via the skin, lungs, or ali- 
mentary tract. 


DIFFERENTIAL DIAGNOSIS 


The differential diagnosis of patients who display abnormal pigmentation is 
often aided by re-examination after an interval. Periodical colour photographs 
can be particularly helpful if malignant neoplasm be suspected, but we should 
always take a careful history before resorting to these extra diagnostic aids. The 
history can of course be misleading, as, for instance, when a patient suddenly 
notices a pigmented patch which has in fact existed for many years, or even since 
birth. Nevertheless we should try to sift every item of information furnished by 
the patient, by other members of the household, and by the family doctor. 

Although the eye is a small organ, it can present an almost infinite range of 
abnormal signs, so that ophthalmologists who have already practised for 20 or 
30 years often find themselves at a loss for a diagnosis. Pigmentary disturbance 
of the cornea is no exception to this general rule, and none of us need feel guilty 
if he fails to offer an immediate explanation for every colour change. Even the 
inexperienced observer can, however, describe the phenomena; and he should aim 
at supplying all those details which enable an absent colleague to imagine the 
lesion. Having recounted the essential points of the history, he should clearly 
indicate the size, shape, level, and colour of the corneal region, and then proceed 
to set forth any associated abnormal signs that he may have discovered in the eye 
or elsewhere. The novice will incidentally find that this exercise of careful des- 
cription often serves to unveil the aetiology of a colour change which had at first 
seemed obscure. 


ASSOCIATED SIGNS 


Mistakes and omissions in clinical work are needlessly multiplied if we con- 
centrate too soon and too exclusively on the part to which ou: attention is first 
directed. Looking at the whole patient from a distance often supplies the key to 
diagnosis, and we should not rush into slit-lamp microscopy before making a 
preliminary survey. For example, impregnation of the cornea by exogenous 
pigment will often be accompanied by discoloration of the exposed skin. Asso- 
ciated signs of abnormality in the affected eye will sometimes clinch the diagnosis, 
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as happens in chalcosis, when we find sunflower cataract and brilliant lenticular 
polychrome linked with blue coloration of Descemet’s membrane near the limbus. 
Refractive changes are occasionally relevant, as in keratoconus victims, when 
astigmatism against the rule may be noted in association with a broken pigmented 
ring surrounding the salient portion of the cornea. Krukenberg’s spindles are 
often accompanied by myopia. 4 


CLINICAL CLASSIFICATION 


The clinical varieties of corneal coloration may conveniently be divided under 
the following headings: 
(1) Normal or physiological colour (5) Pigmented scars 
(2) Congenital coloration (6) Neoplasms 
(3) The Hudson-Stahli line (7) Coloration linked with systemic disease 
(4) Coloration in corneal dystrophy (8) Pigment derived from the inner eye 
(9) Exogenous coloration 


(1) Physiological Colour——Even in the normal cornea, free from epithelial 
oedema, we often see faint bedewing of the anterior surface beside the limbus under 
indirect illumination; and a brown iris may communicate its tint to the bedewed 
zone of epithelium. Whatever the colour of the iris may be, the normal endo- 
thelium, which is only visible in the zone of specular reflection, shows up as a 
golden tessellation. Blood-vessels normally ramify in the superficial layers of the 
cornea for a distance of about one millimetre from its junction with the sclera; and 
these twigs, though colourless under the direct beam, look red when indirectly 
illuminated. 


(2) Congenital Coloration.—This is rare, and it seems probable that many alleged 


instances are spurious. The shape and distribution may be quite irregular, but 
the limbus is more likely to be implicated than the axis. Most of these congenital 
blemishes are situated in the superficial layers and are usually associated with 
opacity. 

(3) The Hudson-Stahli Line-—This is a brown or yellow line, continuous or 
interrupted, limited to the surface epithelium approximately on a level with the 
lower margin of the pupil. It sometimes runs straight across, but more often 
describes a slight curve with its convexity downwards. Occasionally it divaricates 
at one or both ends, and its origin remains a mystery. Reference will presently 
be made to pigment arising in old corneal scars, but this Hudson-Stahli line is not 
associated with any evidence of former inflammation or trauma, and does not 
impair vision. Some authorities have looked upon it as a disintegration product 
of haemoglobin, but the evidence is unconvincing. To say that it is derived from 
uveal pigment, as some have done, is even less convificing, because, if that explana- 
tion were true, how could the coloured matter reach the anterior surface without 
leaving a trace in the corneal substance? The only established aetiological factor 
isage. We hardly ever find a Hudson-Stdhli line in a patient less than 30 years old. 

It will be remembered that Stahli (1918) gave a detailed account of this pigment 
line as observed with the slit-lamp, but many ophthalmologists are unaware that 
Hudson (1911) had already found it before Gullstrand’s original demonstration 
of his slit-lamp at the International Congress of Ophthalmology held in Heidelberg 
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in the same year as Hudson’s paper appeared. Hudson was an exceptionally 
acute user of the uniocular loupe, and indeed the ability to see this tenuous line 
without recourse to the slit-lamp is a sure sign of having been well-apprenticed into 


loupe-technique. 


(4) Coloration in Corneal Dystrophy.—Opacity and impairment of lustre sooner 
or later become conspicuous in most cases of corneal dystrophy, but the only 
human dystrophic condition in which pigment regularly figures is keratoconus. 
Except in the early stages of this disease, there is usually a ring of brown superficial 
pigmentation, not always continuous, surrounding the axial region of the cornea. 
The nature of this pigment has not been identified, but may well be similar to that 
of the Hudson-Stahli line. It may be of interest to recall that some breeds of dog, 
especially those with prominent eyes (e.g. boxers and pekinese), are liable to a 
progressive form of corneal dystrophy characterized by surface irregularity, 
vascularization, and pigment deposits. Roberts (1954) looks upon this disease 
as second in importance only to cataract as a cause of blindness in dogs. Tudor 
Thomas (1955) reported one instance of dense epithelial pigmentation as a con- 
genital lesion involving both eyes of a foal. 

Coloured or colourless crystals are sometimes visible in arcus senilis, arcus 
juvenilis, and in diffuse lipoid dystrophy of the cornea. They may also be found 
in nutritional or trachomatous keratomalacia. There have been a few recorded 
instances of bilateral corneal dystrophy in which crystal-formation was the main 
clinical feature, but probably some of these patients were suffering from an obscure 
derangement of metabolism. 


(5) Pigmented Scars.—Sometimes we find entangled in corneal scars a few 
fragments of foreign matter as a residue of old injury, but that situation is dealt 
with below under the heading of “‘exogenous pigment”. The present heading 
includes only endogenous pigment developing long after the active trouble has 
subsided. A line of superficial yellow pigment, sharing certain features with the 
keratoconus ring and the Hudson-Stahli line, can be detected in a considerable 
proportion of old corneal scars. One might have expected that this adventitious 
coloration could supply a clue to the aetiology of the original lesion, but in fact 
it supplies no firm guidance. The scars of old injuries, phlyctenular ulcers, inter- 
stitial keratitis, and many other conditions all have the capacity to evolve one or 
more of these imperfectly understood yellowish-brown lines. Crystalline deposits, 
either coloured or colourless, are manifest in some of these longstanding scars, 
but they also seem to lack any differential significance. 


(6) Neoplasms.—Small nests of benign pigmented cells are commonly found 
upon the surface of the globe during routine examination; and the limbal region is 
a favourite site for these co-called innocent melanomata. Sometimes we find 
them encroaching upon the corneal margin, and no special action is needed 
except to reassure those patients who have themselves noticed the blemish. If 
the pigmented area arouses any suspicion of malignancy, or if we feel the need 
for extra precaution, we can obtain colour photographs at intervals. Slight 
changes in the intensity of coloration do not necessarily mean danger, and such 
variations are especially apt to occur side-by-side with gradual cystic transformation. 

Diffuse malignant melanomatosis can develop with astonishing speed, and in 
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such cases we usually see multiple foci of the disease on the eyelids as well as on 
the surface of the globe. Every practising ophthalmologist has a wholesome dread 
of missing a malignant growth at the stage when it can be easily removed. He 
also recognizes the possibility that a hitherto innocent collection of cells can fall 
into malignant metaplasia under the stimulus of surgery. Indeed these pigmented 
lesions in the neighbourhood of the limbus can occasion great anxiety, but, unless 
the evidence for malignancy is strong enough to convince several other colleagues, 
most of us will surely lean towards conservatism. Even if malignancy is proved, 
radical surgery is by no means always feasible. One rare but well-established 
vehicle of corneal pigmentation is an epithelioma arising at or near the corneo- 
scleral junction. 


(7) Coloration Linked with Systemic Disease.—It is interesting to recall that 
Osler (1904), who described scleral pigmentation (ochronosis) in alkaptonuria, did 
not encounter any corresponding change in the cornea. Corneal pigment in this 
condition was, however, recorded by Sallmann (1926) and later by Smith (1942). 
Paget’s disease (osteitis deformans) has long been known to be associated with 
angioid streaks in the retina, but it is sometimes forgotten that deposits of pigment 
in or near Bowman’s membrane may also occur in Paget’s disease. One rare but 
important variety of corneal pigmentation is pathognomonic of Wilson’s disease 
(hepatolenticular sclerosis). Here we find a golden-brown coloration of Desce- 
met’s membrane, most intense beside the limbus, implicating only part of the 
thickness of the membrane, and fading towards the corneal axis. 

From time to time the literature contains reports of crystalline deposits in the 
cornea associated with various metabolic and endocrine disturbances, and a few 
authors have traced instances of the inheritance of this condition, but it is evidently 


rare. 


(8) Pigment Derived from the Inner Eye.—Uveal tissue readily becomes entangled 
in the cornea when this structure has sustained a perforating wound, and pigmented 
fragments can usually be detected after healing, even if the prolapsed tissue has 
been promptly excised. Fresh inflammatory precipitates adhering to the posterior 
surface of the cornea are usually colourless, but as time goes on, an increasingly 
large proportion of these deposits will become shrunken and pigmented. In 
recurrent uveitis we often see fresh round colourless precipitates side-by-side with 
old pigmented deposits on the back of the same cornea. Small scattered granules 
of uveal pigment are found adhering to the posterior corneal surface in the eyes of 
many middle-aged people, and in a still larger proportion of elderly eyes, even if 
they have remained free from disease. Sooner or later we all shed our iris pigment 
layer into the aqueous, and this universal tendency is accelerated and intensified 
by trauma, inflammation, diabetes, and glaucoma. 

Myopia is another powerful disrupting influence, and it is interesting to note the 
close association of this refractive state with Krukenberg’s spindles. Some 
authorities used to contend that Krukenberg’s spindle was a congenital abnor- 
mality, but that opinion can no longer be taken seriously, because no one has 
ever produced a genuine instance of this condition in a child. Slit-lamp examina- 
tion of an eye harbouring a Krukenberg’s spindle will always show, in addition 
to the main fusiform aggregation, a number of less densely disposed granules on 
other parts of the posterior corneal surface, and similar particles floating in the 
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aqueous fluid. In certain other myopes we may find numerous dots of pigment 
upon the back of the cornea without any special arrangement into a spindle- 
pattern. We know that the aqueous currents vary from person to person, and the 
mere presence of granules is evidently not enough to create a spindle. We are 
forced to conclude that there is no sharp line of division between a Krukenberg 
spindle and an amorphous array of pigment granules; and the important thing 
to remember is that myopia predisposes to both situations. 

Persistent hyphaema together with raised intra-ocular pressure can produce an 
astonishing succession of colour-effects in the corneal substance. We may find 
the laminae tinged green, blue, heliotrope, and brown, as happens in bruises 
elsewhere. Detailed chemical and histological studies has shown that this play 
of colours arises from the disintegration products of haemoglobin released from 
those red corpuscles which are, so to speak, thrust into the interlamellar spaces 
from compressed aqueous of high viscosity. 


(9) Exogenous Coloration 

(a) The simplest form of exogenous coloration occurs when pigmented foreign 
matter is directly implanted upon the cornea. Thus we may find vegetable frag- 
ments, metallic or other inorganic particles, and various dye-substances. Stains 
from aniline pencils, unless the accompanying corneal abrasion is large, seldom 
give rise to much trouble, because the colour fades spontaneously within a few days. 
Fluorescein stains disappear even more quickly. Rust-rings readily form around 
iron-containing fragments unless these are promptly removed, but a moderate 
amount of rust does not greatly interfere with vision, and slow spontaneous fading 
is its usual fate. Therefore it is seldom advisable to attempt radical clearance of 
the stain when we remove a piece of iron or steel that has already been embedded 
long enough to create a rust-ring. Certain corneal injuries may introduce scores 
of pigmented gritty particles into all layers of the substance. In such cases it is 
clearly impossible to remove all the foreign material without producing extensive 
scars, but fortunately these particles often prove chemically inert. Therefore the 
affected eye may settle down remarkably well, and with far less impairment of 
vision than we might have anticipated in the early stages. A transitional period 
of irritability and photophobia is usual, because the cornea needs time to adapt 
itself to the multiple foreign bodies, even when these are innocuous. 

(b) Pigment is deliberately introduced into the cornea in the operation of 
tattooing, which was devised in order to modify the disfigurement of a corneal 
leucoma. Numerous different techniques have been recommended, and several 
disadvantages have arisen. Sometimes the implanted material has become dis- 
lodged. In other instances it has provoked keratitis. Then again, the cosmetic 
improvement often shows less than was anticipated. In properly selected cases 
corneal tattooing can still offer benefit, but is far less often indicated nowadays 
than it was in the past, for two reasons: first, the incidence of dense corneal 
leucoma has been greatly diminished by chemotherapy, antibiotics, and avoidance 
of so-called heroic measures of therapy; secondly, corneal grafting is now performed 
upon many of the patients who would have been regarded as eligible for tattooing 
in bygone days. 

(c) Next we should consider pigment derived from medicaments applied to the 
eye, but this form of coloration is increasingly rare. Prolonged topical use of 
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silver nitrate used to be far commoner than it is today. The most obvious effect 
was a diffuse dull-grey staining of the conjunctiva, but detailed inspection revealed 
corneal changes, especially in Descemet’s membrane, which developed a grey 
or greyish-green tint in the neighbourhood of the limbus. In some cases the 
substantia propria is curiously reticulated and coloured a faint grey. Copper 
sulphate stick, which used often to be applied to the conjunctiva of trachoma 
victims at regular intervals for years, was apt to produce a faint blue stain upon an 
irregularly scarred and vascularized cornea. Greyish-blue coloration of the 
corneal surface has also been recorded after prolonged treatment with yellow oxide 
of mercury ointment. 


(d) Medicaments introduced elsewhere than into the eye can sometimes find their 
way into the cornea. Thus corneal argyrosis was recorded by Ascher (1924) in a 
woman who had undergone a course of silver salvarsan injections for syphilis. 
Bonnet and Bonamour (1936, 1937) published a fascinating account of small 
gleaming granules on the anterior surface of Descemet’s membrane. The patient 
whom they recorded was receiving gold salts as a remedy for tuberculosis. Who 
would have thought of Descemet’s membrane as a bank for surplus gold? 
Beddard (1909) reported ocular ochronosis in a patient whose varicose ulcers had 
been treated for a long time with carbolic acid. We have already seen that ocular 
ochronosis may be linked with alkaptonuria, and we shall presently meet it in 
another context. 


(e) Contamination by industrial substances is another cause of pigmentation. 
In former times certain silver foundry workers became deeply pigmented all over 
the body, and incidentally manifested the same ocular changes as those which 
followed prolonged local medication with silver nitrate. In Switzerland, peri- 
pheral coloration of Descemet’s membrane has been noted in several craftsmen 
working with silver. Blue, green, and golden tints have all been mentioned, so 
that presumably this metal can be assimilated in various chemical combinations. 
Controlled observation has shown that the conjunctiva remained unstained in all 
craftsmen who scrupulously refrained from touching their eyes with contaminated 
fingers. Therefore the changes in Descemet’s membrane are probably due to 
indirect absorption of silver. 

Reference has already been made to ocular ochronosis in alkaptonuria and in 
poisoning with carbolic acid. A similar condition has been reported by Miller 
(1954) among patients exposed to hydroquinone, which is a derivative of benzene. 
This substance is widely used for combating discoloration of motor fuels, and in the 
manufacture of perfume and paint. Asa powerful reducing agent, it avidly attacks 
the cornea, showing a predilection for the most exposed position, i.e. the inter- 
palpebral zone. First the epithelium takes up a faint sepia-brown tint, and then, 
if the patient remains exposed, successive layers of the substantia propria become 
infiltrated. Later the affected cornea displays ulceration, calcification, superficial 
vascularization, and folds in Descemet’s membrane. An arcus senilis, with its 
high fat content, is particularly quick to take up the stain. Similar conjunctival 
discoloration fades when the victim is removed from further contact with hydro- 
quinone vapour, but the corneal stain is irreversible. 

Now that the danger from hydroquinone has been authoritatively described, all 
necessary precautions are in force at the factories concerned, and it seems reasonable 
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to hope that ‘ttinecnliiness ochronosis of the eye is now an obsolete industrial 
disease. Factory owners are progressively anxious to avoid invalidism among their 
employees, not only for humanitarian reasons but also for the sake of industrial 
peace and co-operation. As soon as any volatile by-product of industry has been 
adjudged dangerous, special apparatus is immediately contrived to eliminate it 
from the atmosphere. 

(f) Of possible metallic intra-ocular foreign bodies, iron and copper are the 
most important, and each produces associated changes in the lens, which need 
not here be catalogued. Signs of an entry wound are evident in a large proportion 
of the affected eyes. Intra-ocular iron imparts a diffuse yellow stain to all layers 
of the substantia propria, especially in the corneal periphery. With copper- 
containing fragments the inflammatory effect may be so fierce that the character- 
istic phenomena fail to develop, but in a classical case of chalcosis we find the 
peripheral zone of Descemet’s membrane decorated with a vivid blue. 
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MYECTOMY OF THE INFERIOR OBLIQUE 


REPORT ON 100 CASES* 
BY 
KAZIMIERZ RUBINSTEIN 
WITH THE ASSISTANCE OF 
JOY DIXON 
Orthoptic Department, Burton-on-Trent General Hospital 


THE beginnings of inferior oblique muscle weakening operations date back 
to the middle of the 18th century. A self-styled oculist, John Taylor, was 
then traversing Europe with a cure for squint which consisted of a single 
operation by incision in the lower angle of the eye, probably tenotomy of 
the inferior oblique. Then follows a description of the procedure by Bonnet 
(1841), but the operation was advocated as a treatment for myopia only. 
The history proper starts with Landolt (1885), when the possibilities of the 
operation as it is used nowadays were outlined. As Fink (1951) rightly 
remarks, there is no evidence that Landolt ever performed the operation, 
but it nevertheless was performed during the second half of the 19th century 
for torticollis arising from vertical imbalance. The weight of the opinion 
of von Graefe (1898), however, that obliques should not be touched in any 
circumstances, put a strong brake on development in this direction. The 
increasing confidence in the feasibility of inferior oblique surgery dates from 
Duane’s experience with it which began in 1906—the work was never 
published, but it was reported in 1907 (Posey, 1915), and was referred to by 
White (1933). 

Myectomy at origin was the only procedure practised until White and 
Brown (1939) described tenotomy at the insertion. White (1943) described 
the first two cases in which recession was performed. Since then numerous 
papers on inferior oblique surgery have appeared, especially in the American 
journals; as a rule these papers condemn tenotomies and claim the advantages 
of the recession. Of British authors, Lyle (1953) and Nutt (1955) have for 
several years given evidence of the feasibility of this and other surgery of the 
vertical muscles. 


Clinical Material 


My own interest and experience in inferior oblique muscle surgery goes 
back 10 years. The literature on the subject seemed contradictory, and 
3 years ago I thought of making a systematic approach to the most 
common of these operations, the inferior oblique myectomy at origin. 

The present report is based on an analysis of a hundred cases of myec- 


tomy of the inferior oblique at its origin in 89 patients. These cases were 
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amongst 409 squint operations performed during this same period of 3 years. 


Ten of these cases had had horizontal muscle surgery before coming under 
my care; in thirty cases myectomy was the primary procedure (alone in thir- 
teen cases and preceding other muscle surgery in seventeen cases). In 51 cases 
myectomy was performed at the same time as horizontal muscle surgery, and 
in nineteen cases after horizontal muscle surgery. Bilateral myectomy 
was performed in eleven cases. Surgery in two stages was necessary in 
thirty cases, three stages in ten cases, and four stages in two cases. 

The majority of patients were children, the age range being from 2 to 
51 years (Fig. 1). 


Fic. 1.—Age at operation. 
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The five oldest cases had developed symptoms at 27, 28, 33, 46, and 51 years 
of age, and their reasons for asking for help were various. One patient, for 
instance, had become increasingly conscious of one eye wandering upwards 
when talking to people, and was very embarrassed by it. The main point was 
that the consumption of alcohol—rather lavish in this case—seemed to make 
matters worse. Another complaint came from a woman of 50 who came 
to me with a story of having trouble with seeing the “Halt Major Road 
Ahead” sign when driving. She had underaction of the left superior rectus 
and a very marked right inferior oblique upshoot. The operation seemed to 
be successful as she has had no driving licence endorsement for the past 
3 years. 

Refractive errors in this series present an interesting problem. In forty 
cases the eye with an overacting inferior oblique was the more hypermetropic 
or astigmatic eye with suppression. In ten cases, the eye with lower refractive 
error showed overaction of the inferior oblique. In 39 cases, refractive 
error was equal in both eyes or non-existent. These findings rather cast a 
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shadow on the usual belief that underaction of the muscles is the aetiological 
factor in such cases. The concept of horror fusionis is not easily acceptable 
nowadays. And yet the optically handicapped eye is found to be the 
one escaping the synergistic position in many cases, and to be doing so by 
overaction of the least differentiated ocular muscle. 

Binocular function was absent in 77 cases before surgery (89 per cent.), 
and none of these patients developed it after the operation, in spite of good 
results and persistent orthoptic efforts. : 

Verhoeff (1941) stated that the primary overaction of the inferior oblique 
did not exist, and I am inclined to accept this view. The common primary 
insufficiency provoking the inferior oblique overaction is the contralateral 
superior rectus weakness, or the ipsilateral superior oblique weakness. My 
material consists of 24 cases of primary superior rectus weakness of the other 
eye and 56 cases of primary superior oblique weakness of the same eye. 
Nine cases were not diagnosed definitely before operation. In spite of very 
many very respectable tests, the diagnosis in small children and in some old- 
established cases with secondary contractures is very difficult. It is my 
experience, however, that overaction of the inferior oblique remains un- 
changed, even if the actually underacting muscle of the same or contralateral 
eye is dealt with surgically with a satisfactory result. This I found in spite 
of sharing the opinion that it is—as a rule—the underacting muscle that 


should be strengthened in eye muscle surgery. 


Technique 

In his paper on the myectomy of the inferior oblique, White (1933) 
refers to his experience with 400 operations dating from 1914 when he started 
doing them under the guidance of Duane. The operation performed was 
a simple myectomy through a cutaneous incision. 17 years later Brown 
(1950) states: “‘The tenotomy or myectomy of the inferior oblique at the 
origin or insertion is still used rather extensively by the writer”. In the flow 
of publications advising longer, bigger, and more complicated operations to 
replace the older ones, one tends to feel embarrassed when using simple 
procedures. Nevertheless, the operation used throughout this series was a 
myectomy at the origin of the muscle through a cutaneous incision under 
general anaesthesia. After reviewing 100 myectomies operated upon in 
this way, one is rather overwhelmed by statements like that of Davis (1944) 
that: ‘“‘the cutaneous incision is inexcusable; it adds a scar on the face to 
what is already a sad situation”. There are no scars. The incision of 
course must follow the skin creases—of which there are many near the inner 
angle of the eye even in small infants—it does not need to be longer than one- 
third of aninch. The technique of stitching the skin has probably something 
to do with so very different experiences with this incision. Whatever the 
other criticism of the myectomy of inferior oblique, I think the trans- 
cutaneous operation is quite permissible. 
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In one important point my technique differs from that of White: when the 
muscle is held on a strabismus hook it is grasped by two fine Spencer-Wells 
forceps, and the division of muscle—or excision of a portion—performed 
between them. Thisin nearly allcases prevents a haemorrhage into the orbital 
tissues. The patients will nevertheless end with a very black eye in spite of 
all precautions, if the anaesthesia is not right, for jugular congestion during 
the operation is the surest way to produce it. 


Results 


The literature on the subject does not give much in the way of statistical 
assessment of what can be achieved by myectomy of the inferior oblique. 
It is agreed by all authors that the actual correction of hypertropia varies 
within wide limits and that it is not predictable. This unpredictability of 
the result led to the operation of recession. It is true that myectomy at 
origin produces varying degrees of correction of hypertropia in seemingly 
identical cases with an identical technique. In degrees or prism dioptres of 
correction the operation is indeed unpredictable. Statistically—even in my 
small series of cases—and functionally, however, it certainly achieves its 
purpose. There were many cases in which the result seemed negligible as 
measured by the major amblyoscope but in which the cosmetic improvement 
was beyond doubt. In those cases in which pre- and post-operative measure- 
ments were possible, the difference of hypertropia from the operation varied 
between zero and 22 prism dioptres (Fig. 2, opposite). 


The situation is not very different from that which obtains in horizontal 
recti surgery. One has recognized for many years that the theoretical 
calculation of millimetres of recession and resection per degree of squint 
corrected is only a very approximate guide at the operating table, and I do 
not think that the callipers used for the purpose of measuring this distance 


are now often seen in the instrument tray for a squint operation. Scobee 


(1951) summed up the situation. 

The results were assessed in three ways: on clinical grounds by myself, on 
clinical grounds independently by the orthoptist, and by the major 
amblyoscope. The two sets of clinical assessments (Table I) are very much 
alike. 

TABLE I 
CLINICAL ASSESSMENT OF RESULTS OF OPERATION 





Number of Cases 





Assessment 


Fair 


Good 


Very Good 





Author’s 


7 


23 


41 


18 





Orthoptist’s* 


6 


20 


39 


17 





Patients with Binocular Single Vision 











3 


9 








* Seven cases were not seen by the orthoptist post-operatively. 





ae eS a ae 


MYECTOMY OF INFERIOR OBLIQUE 


WN-O-KMUkneWaod 
V SAILVURdO-1LS0d 


PRE-OPERATIVE 


“Ooe-nun @nDanors 








Fic. 2.—Major amblyoscope assessment of change in hypertropia 
tesulting from myectomy of the inferior oblique muscle in 51 
cases for which pre-operative assessments were available (each 
stroke represents one case). 

This shows rather a gratifying degree of agreement between the surgeon 
and his orthoptist. It also shows that there was very little wishful thinking 
in assessing the material, but the amblyoscope reading—of which we were 
not aware when assessing clinically—shows only 28 cases with vertical 
orthophoria post-operatively (Table II). 

TABLE II 


MAJOR AMBLYOSCOPE ASSESSMENT OF POST-OPERATIVE VERTICAL 
DEVIATION 





ois Impossible} Not 
A of Deviation pai 1-3 47 Over 7 pis i 





Number of Patients .. 28 18 15 13 10 7 























Many cases with more marked hypertropia obviously looked better cos- 
metically than some with lesser deviation. It was felt that the answer might 
lie in binocular functions; indeed all cases with fusion have fallen in the 
“good” and “very good” category. Amongst the alternators and amblyopic 
patients, the relation between the clinical appearances and amblyoscope 
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measurements was haphazard. The cases with full binocular function are 
analysed by age at onset of squint and age at operation in Table III. Neither 
late onset of squint, nor early operation seemed to influence the preservation 
of binocular function in this small series. 


TABLE III 


RELATION OF AGE AT ONSET OF SQUINT TO AGE AT OPERATION 
IN TWELVE CASES WITH POST-OPERATIVE BINOCULAR FUNCTION 





Case No. Age at Onset (yrs) Age at Operation (yrs) 
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— 
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Ne 











There are two points for discussion in the light of these results: the indi- 
cation for operations on the inferior oblique, and the evaluation of the 
results of the particular procedure described. The 100 cases in this series 


were amongst 409 cases of squint surgery performed during the past 
3 years. Another 22 cases had other vertical muscle surgery during this 
time. That means that 30 per cent. of operations for squint were necessi- 
tated by a vertical anomaly alone or in combination with other anomalies; 
26 per cent. had an overaction of the inferior oblique muscle. Comparable 
figures in the literature are 36 -6 per cent. (White and Brown, 1939), 71 per 
cent. (Anderson, 1947), 43 per cent. (Scobee, 1950), and 22 per cent. (Nutt, 
1955); compared with these figures, my assessment of the number of cases 
with a vertical component does not seem over-enihusiastic. . 

The inferior oblique overacts as a rule in the presence of contralateral 
superior rectus weakness, or ipsilateral superior oblique weakness. Biel- 
schowsky (1935) and Gifford (1941) found the superior oblique most often 
at fault, but White (1933) found the superior rectus to be the offender. 
There is no doubt, however, that the one extra-ocular muscle which most 
frequently overacts is the inferior oblique. With the number of cases of 
squint in this country, the problem is a major one even allowing for the 
small number of cases where the overaction of the inferior oblique in 
adduction is of secondary significance and will be corrected by medial 
rectus surgery. 

It is said that the treatment of squint should aim at the restoration of 
binocular function and not only at improved appcarance; 89 per cent. of my 
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patients had no binocular function before operation, and did not develop it 
subsequently. Twelve cases (11 per cent.) had some grade of binocular 
vision before operation and they all retained or improved it, nine of the cases 
being in the “very good” and three in the “good” category of results 
(Table I). Undoubtedly the alignment of the visual axes preserved their 
binocular function. But in this series of vertical component squints, the 
majority of patients in spite of their youth had the operation—it would 
seem—for purely cosmetic reasons. To operate for a vertical component 
on a child of 2 or 3 years old is easy enough, but the diagnosis in such cases 
is often extremely difficult. Nearly all my “poor” results were found in 
this group of small children with bad squints and obvious hyper- or hypo- 
tropia. In a few instances I now know that my original diagnosis as to the 
primary muscle involved was wrong, and five of them are now waiting for 
further surgery. My personal conclusions have made me much more 
cautious with vertical muscle surgery in very small children, unless I am 
quite certain as to the diagnosis of the primary vertical muscle involved. 
The youngest patient with post-operative binocular function was operated 
on at 2 years of age. Table III shows that the delay in operating does not 
materially influence the preservation of binocular function, and I think that 
a delay of 1 or 2 years in young children—horizontal muscles being tackled 
as early as possible—may not be very damaging. 

In many of the apparently cosmetic cases an interesting feature appears: 
the post-operative amblyoscope readings indicate only medium success in 
reducing hypertropia, but binocularly the eyes are kept level and the symp- 
toms disappear. The orthoptic assessment by such tests seems a little 
misleading, as the tests interfere with the binocular use of the eyes. The 
Hess screen is in many cases impossible because of suppression, and the 
amblyoscope measures the tropia in the primary position, but not in the 
functional position for a given muscle, both tests being impossible and 
unreliable or even misleading for very young children. 

After being confronted with the frequent discrepancy between the orthoptic 
and clinical result of the operation, it seems to me that the functional result 
of the operation is not strictly assessed by measurement of the eye position. 
The surgery lengthens the normal muscle to achieve less contracture, 
but the inferior oblique does not overact because of anatomical hypertrophy 
or shortening, and the nerve impulse that leads to overaction cannot as yet be 
measured. Scobee (1951) pointed out—in relation to horizontal muscle 
surgery—that our operations merely give the oculomotor mechanism a 
chance to do the work itself. I do not know in how many of my cases trace 
of peripheral fusion existed, and I think that its existence is frequently 
missed in routine examination, but given “a chance” by the weakening, if not 
by the correcting of the overacting inferior oblique, it maintains alignment of 
the eyes. Without vertical correction there can beno successful squint 
surgery in such cases. 
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If the indications for surgery in cases of overaction of the inferior oblique 
muscle are agreed upon, it may be asked whether a myectomy at origin or 
a recession at insertion should be undertaken. (Free myectomy at inser- 
tion has a bad reputation and I have no experience o7 it.) 

Recession of the inferior oblique muscle was described 15 years ago, and 
a few variants in technique have been published more recently. The 
argument in favour of this operation, which is strongly advocated by 
American authors, is the better predictability of results. The operation 
takes longer, though it is technically not difficult, but I have had no better 
results with it than with myectomy at origin. The main argument against 
myectomy at origin is that a free myectomy is always a bad operation, and 
may lead to complete loss of function, but the failures in my series were always 
associated with persisting hypertropia in spite of not only myectomy 
but up to 5m. excision of muscle tissue. I have not seen one case in 
which the inferior oblique became underacting as the result of operation. 

It is not my intention in presenting this paper to claim special merits for 
myectomy at origin, but to put on record a series of cases in which the 
operation was used. If it stimulates a report relating to a series of recession 
operations, it would be very gratifying. Weakening of the inferior oblique 
will always remain an essential procedure in squint surgery, and the empirical 
rather than the theoretical tackling of the problem will eventually show the 
best way of dealing with this muscle. 


I wish to express my thanks to Dr. R. W. Moore who anaesthetized all these patients; to 
Mesdames Heaton, Boysier, and Dixon, who are responsible for the orthoptic side of the report, 
and to my Ward Sister, Miss B. Swift, for her assistance at operations and care given to the 
patients whilst in the ward. Miss Joy Dixon shared with me the work of final analysis of the 


clinical material. 
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MODIFIED RIDLEY LENSES*+ 


BY 


E. EPSTEIN 
Johannesburg, South Africa 


A MODIFICATION of the original Ridley acrylic implant suggested in a previous 
communication (Epstein, 1957) comprised a biconvex lens of larger diameter 
(9-4 mm.) and thinner central thickness (1-5 mm.), and with a naturally 
tapering edge instead of a relatively thick square edge. 

It was found that such a lens facilitates centration, and adjusts itself 
almost automatically after insertion, little or no additional manipulation 
being necessary. The fact that the iris is separated from the posterior capsule 
over a larger area lessens the risk of adhesions between these two layers, and 
the thin tapering edge of the lens minimizes the undesirable effects of iris 
pucker which may be produced by these peripheral posterior synechiae. 
The greater thickness and relatively thick edges of the original Ridley lens 
allow the formation of large synechiae which pucker the iris and may draw 
the pupil towards the edge and cause dislocation of the lens. 

The modified lens being thinner allows a deeper anterior chamber, and 
the fact that the volume and mass of the lens are less despite its larger surface 
area makes it more stable in situ. Because the pressure on the zonule and 
posterior capsule and on the posterior surface of the iris is lessened, there is 
more freedom for the circulation of the aqueous in the posterior chamber 
and between the lens and posterior capsule. 

The larger diameter may make it more difficult to insert the lens through 
the pupil, but a few drops of adrenaline 1/1000 from an ampoule applied 
directly to the iris dilates the pupil and makes this manoeuvre easier. 


Six Cases in which the Modified Implant was Used 


The first of this series of six cases was done 20 and the last 12 months ago. Two 
were so-called senile cataracts, the other four were of traumatic origin. Four of 
these patients were European, one coloured, and one Bantu, and their ages ranged 
from 10 to 78 years. 

Procedure.—The surgical technique was as previously described, except that 
6x0 mild chromic catgut was used instead of silk. Three to five corneo-scleral 
edge-to-edge sutures were buried under a conjunctival flap which was also sutured 
in place with catgut. 

For the anterior chamber irrigation Tyrode solution was used; this was supplied 
in 200-ml. vacoliter-type bottles,t the calcium salt being added from a separate 
ampoule just before use. This was advised by the manufacturers to obviate the 
calcium settling out during sterilization of the solution. Animal experiments 





* Messrs. Rayner and Keeler Ltd. (London), are able to supply these lenses. 
+ Received for publication April 30, 1958. 
$¢ Saphar Laboratory, Ltd., Johannesburg. 
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and clinical trials have shown that even prolonged irrigation (with 200-ml. in 
some experiments) was followed by only very little if any striate keratitis. 

The lenses were sterilized by immersion in 4 per cent. cetrimide for at least one 
hour and then washed well in normal saline. 

During the post-operative period the pupil was kept semi-dilated. With the 
larger diameter lens the dangers of a dilated pupil are eliminated, and the problem 
of exudate in the pupil organizing to form an -occlusive membrane is thereby 
avoided. In this series only one needling of a thin anterior membrane was 
necessary, and this occurred in the first case when one was rather timid about 
dilating the pupil which was left contracted during the post-operative phase. 

Results—Four of these six patients achieved a visual acuity of 6/6 or better, 
one 6/9, and one 6/12. 

The patient with 6/9 visual acuity had suffered an intra-ocular foreign body in 
1939 whilst serving in the Royal Navy; he had been blind in this eye for 17 years 
and had developed a 40° divergent squint. After the lens implant and a course of 
orthoptic treatment, he could achieve binocular vision with a great effort, and 
binocular vision was maintained after surgical correction of the squint. 

The patient with 6/12 visual acuity was a child with a near central leucoma. 


Other Modifications 

(1) Sometimes the problem arises of a late posterior dislocation of the lens 
due to a peripherally torn capsule or a subsequent spontaneous degeneration of the 
zonule. The larger but thinner lens is more stable and exerts less pressure on the 
posterior capsule, and it. is suggested that a special lens as illustrated in Fig. 1 
may assist this type of case. The effective lenticulus is 6 mm. in diameter with a 
rim about 2 mm. broad and as thin as possible. This rim has eight or more 
perforations, and it is considered more than likely that some if not all of these 
perforations will fill with fibrin and form anchoring adhesions to the posterior 
surface of the iris or adjacent ciliary processes. 





Fic. 1.—Diagram of suggested lens for insertion into posterior chamber after extracapsular 
extraction. 
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(2) In June, 1953, the problem of a patient with a partially subluxated cataract 
prompted another modification, which may be called the “‘collar-stud”’ lens. 
A deep equatorial groove 0-6 mm. wide was cut, leaving an effective 3-mm. central 
core with a thin anterior lamina trimmed to about 6-5 mm. diameter and a thicker 
posterior lamina remaining at the original 8-4 mm. diameter (Fig. 2a, 5). An 
intracapsular cataract extraction was done and the lens was introduced so that the 
iris fitted into the equatorial groove. Two peripheral iridectomies had been done 
to ensure the circulation of the aqueous. No hydrocortisone was introduced 
into the anterior chamber. 


Fic. 2a, b.—Photographs of “‘collar-stud” lens. The radius 
of curvature of the anterior surface is 25 mm. and that of 
the posterior surface 12 mm. 
Fig. 3 shows the result in this case which has now been observed for nearly 
5 years. The visual acuity is 6/9+ with correction -5 D sph. The myopia 
was to be expected owing to the anterior position of the lens. In my experience 
the original Ridley lenshas a vergence power above that of the average human lens. 


Fic. 3.—Collar-stud implant “home-made” 
from an original Ridley lens. This has been 
in place for 5 years. 


After this patient had been observed for 2} years and no complications had 
ensued, ten others were similarly treated, all with an intracapsular cataract 


extraction. Nine patients are still doing well, the first after 2 years and the last 
after 1 year (Table, overleaf). 
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TABLE 


VISUAL RESULTS IN NINE CASES IN WHICH THE COLLAR-STUD 
IMPLANT WAS USED SUCCESSFULL’ 
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A miotic was prescribed for use twice daily for several months after the operation 
to keep the pupil fully contracted within the groove. In some cases this miotic 
state has been maintained after stopping the drops; in others the pupil has tended 
to dilate a little but this has had no adverse effect. In Case 5 the vision is 6/6 + 
with the pupil fully contracted and 6/9 when it is slightly dilated. 

In some cases sudden movements of the eye and head cause the implant to 
give a momentary quiver associated with the iridodonesis, but this has produced 
no visual disturbance. 

In one instance, however, the implant had to be removed because a slight 
endothelia] touch occurred medially at the edge of the anterior lamina 17 days 
after the operation. Until that time the anterior chamber had been deep and the 
result had been as gratifying as the others, but I removed the implant because I 
feared the complication of a corneal degeneration. Had the patient been put 
to bed, and air injected into the anterior chamber, the chamber might have regained 
its previous depth. It was suspected that a choroidal detachment had caused the 
anterior chamber to become shallower, but the oedema caused by the endothelial 
touch obscured the fundus. It so happened that the anterior lamina of this lens 
was thicker than that of the others. 

It is hoped to obtain a further supply of these lenses modified so that the anterior 
and posterior laminae are as thin as possible, the latter to have the same effective 
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ZONULYSIS IN CATARACT 


widespread interest has followed the introduction of this 


new technique for removing the crystalline lens of the eye 
by selective proteolytic enzyme action on the zonule 














Tonulysin 


a highly purified, sterile freeze-dried Alpha- 
Chymotrypsin, which is particularly indicated 
for resolving the ciliary zonule. 

Maw’s Zonulysin is presented in a convenient 
form for this purpose, and each ampoule will 
provide for the preparation of fresh solution 
sufficient for two or three removals. 


Supplied in boxes of 6 ampoules, each 
containing 0.2 mgm. Alpha-Chymotryp- 


sin together with 6 ampoules each con- 
taining 1.0 ml. of Saline diluent 


Enquiries to Ethical Department 


S. Maw Son and Sons Limited 
Aldersgate House + Barnet + Hertfordshire 
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A further example of the spectacle-maker’s craft, 
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diameter as the former but with a thin rim to increase its overall diameter to 
9 or 9-5 mm. (Fig. 4). 


Fic. 4.—Diagrammatic section of 
improved collar-stud implant. 
Anterior and posterior surface 
radius of curvature 25 and 


12 mm. respectively. 





4 


It is anticipated that this shape will eliminate the chance of endothelial touch 
and also check the possible quiver caused by iridodonesis. 

The present curvatures of the lens surfaces have given fairly satisfactory 
refractive results. However, the idea of measuring the axial length by x rays, 
as described by Sorsby (1948), is being investigated. This may provide a 


means, with keratometer readings, of estimating the refraction pre- 
operatively. 


Summary 
Two modifications of the original Ridley lens are described. Clinical 
results are reported and further improvements suggested. 
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METABOLISM OF THE DEVELOPING RETINA* 


I. AEROBIC AND ANAEROBIC GLYCOLYSIS IN THE 
DEVELOPING RAT RETINA . 


BY 


CLIVE GRAYMORE 
Department of Pathology, Institute of Ophthalmology, University of London 


IN recent years considerable interest has been focused on the role of oxygen in’ 
the genesis of retrolental fibroplasia, and careful control of ambient oxygen 
concentration has led to a considerably reduced incidence of this disease in 
premature infants. Much of the work which led to the ultimate elucidation 
of this problem and the demonstration that hyperoxia induced vaso- 
obliteration in the immature retina has been reviewed elsewhere (Ashton, 
1957). 

Although the effect of hyperoxia is now recognized as a practical phenom- 
enon little is yet understood of the mechanism of the resulting vaso- 
obliteration, and why it should be confined to the immature retina. The 
importance of this distinction has been underlined by a recent report in 
which it has been demonstrated that intravitreal injection of the kitten with 
sodium fluoride or sodium iodoacetate produces total vaso-obliteration of 
the retinal vessels in a manner closely resembling that induced by oxygen 
exposure and that once again this effect is confined to the immature retina 
(Ashton, Graymore, and Pedler, 1957). 

There is evidence to suggest that sodium fluoride inhibition promotes retinal 
oedema both in vitro (Graymore, 1958a, 1959), and in vivo (Pedler, 1958), 
and it has been tentatively suggested that external pressure resulting from 
this swelling may be a causative factor in chemically induced vaso-oblitera- 
tion (Ashton and others, 1957). Whatever the actual underlying cause may 
be, the differing reaction of immature and mature retinae both to oxygen 
and metabolic inhibitors suggests some basic distinction between the two 
retinae, either structurally or metabolically or both. The present report 
is designed to indicate one aspect of retinal metabolism which exhibits a 
changing pattern during development. 


Methods and Materials 


The animals used in these investigations were female albino rats which had been 
maintained on a standard diet used in this laboratory (Bruce and Parkes, 1946). 
The ages were those quoted in the text. 





* Received for publication March 24, 1958. 
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Removal of Retinae.—The animals were killed by a blow on the head followed 
by dislocation of the cervical vertebrae. Very young animals were killed by 
decapitation. The eyes were removed as rapidly as possible and the retinae 
dissected out according to the procedure reported previously (Graymore, 1958a). 


Delay Periods.—The interval between killing the animal and commencing the 
incubation may be considered as two distinct periods. The first of these spans 
the interval between the death of the animal and the immersion of the isolated 
retina in chilled buffer. The second is the time which elapsed before the incubation 
was begun. ; 

Preliminary investigations established that time intervals of 5 minutes in the 
former and 15 minutes in the latter did not result in any significant loss of activity, 
but nevertheless, these delay periods were made as brief as possible and kept well 
within the above limits. In the experiments reported here, the time interval 
between killing the animal and immersing the retina in chilled buffer was approxi- 
mately 2 minutes, and in the aerobic determination each pair of retinae was taken 
through the entire procedure separately to avoid any delay in the second period. 


Condition of the Retinae.—In the case of animals aged 7 days and above, only 
entire and intact retinae were used, but in the case of the very young animals 
(3 to 6 days) there was a tendency to slight fragmentation as a result of the extreme 
friability of the tissue combined with the difficulties inherent in the removal of the 
retinae from very small eyes (approximately +” diameter). 

It was found that the danger of fragmentation was greatest whilst transferring 
the retinae from one vessel to another and that this could be reduced considerably 
by employing a wide-nozzle pasteur pipette for this purpose. Experiments on 
whole retinae and on retinae which had been deliberately fragmented to an extent 
greater than that normally encountered showed that the average glycolytic rate of 
the latter was 97-1 per cent. of that of the former. 


Incubating Medium.—After removal and during measurements the retinae were 
maintained in standard Krebs-Ringer-bicarbonate buffer (Krebs and Henseleit, 
1932) fortified with 200 mg. per cent. glucose, and gassed with either 5 per cent. 
CO,-95 per cent. O., or 5 per cent. CO,-95 per cent. N, according to the conditions 
required. Before incubation the buffer was gassed continuously and maintained 
in vessels packed with broken ice. 


Period of Incubation.—All measurements were taken over an incubation period 
of 30 minutes, it having been established that under the conditions described the 
glycolytic rate was linear up to periods of at least one hour. 


Measurement of Aerobic Glycolysis.—At zero time the retinae were dropped into 
10 ml. incubating medium contained in 25-ml. capacity conical flasks immersed in 
a bath thermostatically controlled at 37°C. 5 per cent. CO,-95 per cent. O2 was 
bubbled continuously through the medium at a rate sufficient to maintain the pH 
and provide optimal agitation for the flask contents. (Violent bubbling tended to 
produce tissue fragmentation.) After 30 minutes, 2 ml. 10 per cent. trichloracetic 
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acid were added, and the flask was shaken and removed from the bath. The 
contents of the flask were centrifuged and 4 ml. of the clear supernate withdrawn 
for lactic acid assay (Barker and Summerson, 1941). The precipitated protein 
was retained for N, estimation. In the case of animals aged 20 days and over, 
one retina per flask was used. Two to three retinae per flask were used from 12- 
to 14-day animals, and four to six retinae per flask from the very young animals. 


Measurement of Anaerobic Glycolysis.—Anaerobic conditions were obtained by 
gassing solutions with 5 per cent. CO,-95 per cent. N». Lactic acid production 
was estimated by measuring the equivalent quantity of CO, liberated from the 
bicarbonate buffer by the acid, the volume of gas being determined by the classical 
Warburg manometric technique. The Warburg manometers and flasks were 
gassed for 15 to 20 minutes before readings were begun to ensure that true anaerobic 
conditions were established. Preliminary experiments were carried out in which 
both CO, evolution and actual lactic acid determinations were performed, and 
excellént correlation was obtained, thus demonstrating the adequacy of CO, 
evolution as a criterion of lactic acid production. 

One retina per flask was employed for all experiments except those involving 
very young animals (3 to 6 days) when two to three retinae were employed. 


Estimation of Tissue-—The quantity of tissue was assessed as mg. protein 
calculated from the nitrogen content determined by the micro-Kjeldahl procedure. 


Expression of Results—All measurements of lactic acid production were ex- 
pressed as the equivalent volume of CO, which would be liberated from bicarbonate 
solution by that quantity of acid. The final result is expressed as the volume of 
gas in’ micro-litres liberated in one hour by 1 mg. tissue protein at N.T.P. the 


symbol Qe? (pr.) denoting aerobic glycolysis, and QN2 (pr.) anaerobic glycolysis. 


Results and Discussion 
Figs 1 and 2 and Tables I and II show that the glycolytic rate of the rat 
retina is considerably increased during the second week of life, the activity 
of the retinae from animals which had reached their weight plateau (3 to 4 
months) being more than twice that of retinae from animals in their first 
week of life. 
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Fic. 1.—Variation in the rate of anaerobic glycolysis in the rat retina during development. 
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TABLE I 
ANAEROBIC GLYCOLYSIS IN DEVELOPING RAT RETINA 
Age (days) No. of Determinations Qt er) 
3 3 28-5+3-62 
6 2 28-:9+4-30 
8 5 29-6+2:07 
10 2 26-12-25 
13 2 40:-4+2-40 
14 2 50°5+6-45 
16 1 48-3 
29 3 47-4+3-73 
3-4 mths 7 59-1+3-10 
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Fic. 2.—Variation in the rate of aerobic glycolysis in the rat retina during development. 








TABLE Il 
AEROBIC GLYCOLYSIS IN DEVELOPING RAT RETINA 

Age (days) No. of Determinations Q 2 (pr) 

5 2 9-6-4290 

7 2 9-8-.0-10 

12 3 12-72-01 

14 3 17-41-87 

20 3 21-51-85 

31 2 21-10-40 

3-4 mths 5 24-74.1-46 











The present results have been calculated on a mg./protein basis Qg (Pr.). 
instead of the more conventional mg./dry-weight basis, Q,- Preliminary 


analyses indicated that protein accounted for approximately 85 per cent. of 
the total dry weight, so for purposes of comparison it should be remembered 


that Q,, = 1-176 x Q,, (pr.). 





38 CLIVE GRAYMORE 


Bearing this in mind, the anaerobic glycolytic rate of the mature retinae 
(QG2(pr.) = 59:1, corresponding to QG2=50-2) is slightly lower than that 
of Dickens and Simer (1929) and Campos (1936), who recorded Qh2 values 
of 64-2 and 57-0 respectively, and considerably lower than that of Warburg 
(1927), who obtained a QN2 of 88. The corresponding value for aerobic 


glycolysis (Q22 (pr.) =24-7, corresponding to QQ2=21 0) is much lower: 


than that obtained by Warburg in the same work (45), but agrees well with 
that of Campos (21-8). Warburg and his associates have suggested that 
aerobic lactic acid production may be an artefact due to traumatic uncoupling 
of glycolysis and respiration, and if this is so it may well account for variations 
in levels according to isolation techniques and suitability of the incubating 
medium (Warburg, Posener, and Negelein, 1924; Warburg, Garwehn, and 
Geissler, 1957). 

It is of particular interest that the sudden stepping-up of activity occurs 
around the time at which the eyes open (about 12 to 13 days), and one is 
tempted to suggest that it is a response to an increased energy demand 
coincident with the appearance of electrical activity in the retina. -Zetter- 
strém (1956), investigating electrical activity in kittens, found that there was 
no electroretinogram during the first 5 days of life, but that a measurable 
electroretinogram appeared between 6 to 10 days. On the other hand, a 
litter of blind 12-day-old rats was kept in total darkness for 3 days and 
decapitated in the dark at 15 days of age. The retinae were removed in 


the light and found to have a mean Qh2 (pr.) of 54-7; it is difficult to reconcile 
this with the above speculation, but more experiments are required to con- 
firm this single observation (Graymore, 1958c). The alternative is to assume 
that the increased glycolytic rate is coincident with but not dependent on 
light stimulation. It is of interest in this respect that Zetterstrém (1956) 
found that kittens bred in darkness did develop a normal electroretinogram 
although its appearance was considerably delayed. 

Histological evidence suggests that the rat retina is fully developed by about 
17 days of age, and the results of the present investigation indicate that 
biochemical maturity may be reached about this time. Histological exam- 
ination of retinae taken from rats of the same strain as those used in this 
investigation indicates that the outer limbs of the rods commence to differen- 
tiate at about 10 days. Intravenous injection of suitable doses of iodoacetate, 
a powerful inhibitor of glycolysis, produces a progressive degeneration of 
the rod cells, and Noell (1952) believes that glycolysis may have some special 
significance in these cells. 

The general histological presentation, at the time at which the surge in 
glycolytic activity occurs, is one of preparation for vision. The occurrence 
of visual purple follows closely on the development of the outer limbs 
(Tansley, 1933) and Crozier and Pincus (1927) r ported that young rats 
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were negatively phototropic 8 days after birth. It seems likely that the 
present results depict a similar immediately pre-visual change. 

If the two curves showing the changing pattern of aerobic and anaerobic 
glycolysis were superimposed, they would be seen to follow each other very 
closely; assuming that aerobic lactic acid production reflects the relationship 
between glycolytic and respiratory processes, this fact suggests that respira- 
tion may show a similar increase at the same time. Aerobic glycolysis has, 
however, been measured in vitro under conditions favouring maximal 
respiration, whereas in vivo the picture is complicated by a changing pattern 
of vascularization, and hence of oxygen supply. Partial support for the 
suggestion that the present observations reflect the actual changes in activity 
in the living animal, as opposed to the potential activity dependent on 
adequate oxygenation, has been obtained by rapid freezing studies on the 
kitten retina (Graymore, 1958b), in which it was demonstrated that the 
lactic acid concentration increased during the first 3 weeks of life, after which 
time a plateau was reached. 


Summary 


(1) The aerobic and anaerobic glycolytic rates of rat retinae have been 
determined at various stages of development ranging from 3 days to 3 to 4 
months. 

(2) In both cases there is a dramatic increase of activity during the second 
week of life. The possible significance of this is discussed. 


I should like to express my gratitude to Prof. Norman Ashton for his encouragement and 
interest in this work, and to Dr. Margaret Kerly for the interest she has shown. My thanks are 
also due to Mr. A. Lakeman for his proficient and enthusiastic technical assistance and to Miss 
E. FitzGerald for secretarial help. I wish to acknowledge the assistance of the Medical Research 
Council by providing a grant towards the expense of this work. 


REFERENCES 


ASHTON, N. (1957). Ann. Rev. Med., 8, 441. 
, GRAYMORE, C., and PEDLER, C. (1957). Brit. J. Ophthal., 41, 449. 

BaRKER, S. B., and SUMMERSON, W. H. (1941). J. biol. Chem., 138, 535. 

Bruce, H. M., and Parkes, A. S. (1946). J. Hyg. (Lond.), 44, 491. 

Campos, R. (1936). Ann. Ottal., 64 456. 

CROZIER, W. J., and Pincus, G. (1927). J. genet. Psychol., 17, 105. 

DIcKENs, F., and Simmer, F. (1929). Biochem. J., 23, 936. 

GRAYMORE, Cc. (1958a). Brit. J. Ophthal., 42, 348. 

(1958b). Unpublished observations. 

— (1958c). Biochem. J. 69, 30P. 

(1959). Ibid., 42, 40. 

Kress, H. A., and HENSELEIT, K. (1932). Hoppe-Seyl. Z. physiol. Chem., 210, 33. 

NoELL, W. K. (1952). J. Cell. comp. Physiol., 40, 25. 

PEDLER, C. (1958). Unpublished observations. 

TANSLEY, K. (1933). Proc. roy. Soc. B., 114, 79. 

WARBURG, O. (1927). Biochem. Z., 184, 484. 

, GAWERN, K.., and GEISSLER, A. W. (1957). Z. Naturforsch., 12b, 115. 

” POSENER, K., "and NEGELEIN, E. (1924). Biochem. Z., 152, 309. 

ZETTERSTROM, B. (1956). Acta physiol. scand., 35, 272. 




















Brit. J. Ophthal. (1959) 43, 40. 


IN VITRO SWELLING OF THE KITTEN RETINA 
INDUCED BY SODIUM FLUORIDE INHIBITION* 


BY 


CLIVE GRAYMORE 
Department of Pathology, Institute of Ophthalmology, University of London 


IN a previous report (Graymore, 1958) methods have been described for the 
rapid removal of rat retinae and the subsequent accurate determination of 
their Wet-weight: Dry-weight ratios following a period of incubation with 
Krebs-Ringer-Bicarbonate supplemented with glucose. It was shown that 
addition of sodium fluoride to the medium resulted in a tissue oedema. This 
was explained on the basis that living cells are not necessarily in osmotic 
equilibrium with their environment, and that the osmotic pressure of the 
cells is maintained at a higher level as a steady state, by some process requiring 
metabolic energy to pump water outwards through the cell membrane. 
This concept, and the supporting evidence, has been reviewed elsewhere 
(Robinson and McCance, 1952; Robinson, 1954), Ashton, Graymore, and 
Pedler (1957) induced vaso-obliteration in the kitten retina by intravitreal 
injection of sodium fluoride, and suggested that external pressure due to 
retina) oedema may play some role in this vessel closure. The present 
communication is designed to show that the retina of the kitten responds to 
in vitro treatment with sodium fluoride in the same way as that of the rat. 


Methods 


Both eyes were removed from an anaesthetized (Nembutal) 6-weeks-old kitten, 
and the retinae were excised as rapidly as possible. Each retina was cut into 
fragments and incubated for 2 hours in a separate fiask containing standard Krebs- 
Ringer-Bicarbonate buffer fortified with 400 mg. per cent. glucose, and gassed with 
5 per cent. CO;-95 per cent. Oz. In addition to the above medium, sodium 
fluoride was added to one of the incubating flasks to give a final concentration 
of 0:05 M. and an equivalent concentration of sodium chloride was added to the 
other (control) flask. The efficiency of the sodium fluoride inhibition was checked 
manometrically. 

After the period of incubation, the retinal fragments were removed and their 
Wet-weight : Dry-weight ratios determined as previously (Graymore, 1958). 





* Received for publication March/24, 1958. 
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Results 


The Table shows that there is a statistically significant increase in the ratio 
of the fluoride treated retinae. 


TABLE 
WET-WEIGHT 
STATISTICALLY SIGNIFICANT INCREASE IN DRY-WEIGHT RATIO OF 


RETINAL FRAGMENTS INCUBATED WITH SODIUM FLUORIDE 




















Series Number of Determinations | Wet-weight: Dry-weight Ratio 
Control ea ie Se 5 5:7+0-21 
Fluoride-treated a es 6 7-740-25 
; p = <0-001 
Conclusions 


These results indicate that, under the conditions employed, the kitten retina 
takes in water when fluoride is present in the medium. It should be stressed 


that glucose was the only substrate provided, and that the addition of 0-05 M. 
sodium fluoride, by virtue of its inhibitory action on glycolysis (Dickens and 
Greville, 1932), would prevent the adequate utilization of this substrate as a 
source of energy. The inference to be drawn from these experiments, there- 
fore, is not that fluoride will induce retinal oedema in vivo, but that, if the 
only available source of energy is removed, then retinal tissue will swell. 
There is not yet sufficient evidence to implicate imbibition of water by the 
retina in the process of fluoride vaso-obliteration, but these results indicate 
that suitable metabolic inhibition may promote water uptake by the retina. 


The fact that the fluoride effect can be observed only in immature retinae 
(Ashton and others, 1957) may reflect a changing metabolic pattern with age. 


I would like to thank Prof. Norman Ashton for his advice and encouragement in this work. 


My thanks are also due to Mr. A. Lakeman for his valuable technical assistance, and to Miss 
BE. SEiteGerald for secretarial help. I wish to acknowledge the assistance of the Medical Research 


Council by providing a grant towards the expenses of this work. 
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HAEMORRHAGE INTO THE LENS* 
A COMPLICATION OF INTRA-OCULAR SURGERY 
BY 
P. R. STEVENS anv S. CHATTERJEE 


From the University Department of Ophthalmology, and Royal Eye Hospital, Manchester 


HAEMORRHAGE into the crystalline lens as the solitary complication of an 


intra-ocular operation must be an exceptional event, but we have recently 
observed two such cases. Both patients were treated surgically for glaucoma 


and blood was seen in the lens shortly after operation. 


Case Reports 


Case 1, a man aged 55 years, attended hospital on November 10, 1956, complaining of 
pain in the left eye; 5 weeks previously he had been treated with atropine for a corneal 
ulcer but this had been discontinued 2 weeks before the onset of the pain. 


Examination.—He had a shallow anterior chamber, a semi-dilated sluggish pupil, and 
a pathologically cupped optic disc. The intra-ocular pressure was 45 mm. Hg Schi6tz, 
and gonioscopy showed a narrow angle, open above but closed below. The corrected 
visual acuity was 6/18 in the left eye and 6/6 in the right, which was in all respects healthy. 


Treatment.—Gutt. pilocarpine 1 per cent. four times a day failed to control the intra- 
ocular pressure, which varied between 45 and 79 mm. Hg Schiétz. On December 10, 1956, 
a filtration operation was performed, consisting of combined anterior flap sclerotomy, 
cyclodialysis, and basal iris inclusion (Stallard, 1953). There were apparently no 
operative complications. 

On the sixth post-operative day the fundus reflex was lost and a haemorrhage was 
noted “on the surface” of the lens, but slit-lamp examination later the same day revealed 
the haemorrhage to be within the lens. There was no trace of hyphaema in the anterior 
chamber. The anterior surface of the lens appeared intact, there being no visible tear 
in the lens capsule. The haemorrhage had spread down from the upper nasal quadrant 
covering the whole of the pupillary area except for a narrow crescentic space on the 
infero-temporal side through which a faint fundus reflex could be obtained. The edges 
of further blood films were noted in the deeper layers. The lens sutures were seen as dark 
lines against the lower edges cf these sheets of haemorrhage. Deeper parts of the anterior 
cortex and nucleus were obscured from view except in the infero-temporal quadrant 
where they were free from blood (Fig. 1 opposite). 





* Received for publication December 16, 1957. 
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Fic. 1.—Layers of haemorrhage in the anterior cortex of the left lens of Case 1. 


Follow-up.—Gonioscopic examination 3 months later showed that the iridotomy was 
Closed by fibrous tissue, and after 11 months there was very little change in the condition 
except for the appearance of a few dot opacities in the clear portion of the cortex and a 
suggestion of clearing of the anterior film of blood on the temporal side. 


Case 2, a woman aged 67 years, was admitted to hospital on April 6, 1957, with a sub- 


acute congestive attack of glaucoma in the right eye which was rapidly controlled by 
eserine and Diamox. 


Past History—tiIn November, 1953, the patient had an iridectomy following a severe attack of 
acute congestive glaucoma in the left eye, and subsequently an iris inclusion was performed as the 
iridectomy had failed to control the ocular tension adequately. She had been under observation 
inthe Glaucoma Clinic since her first attendance, and the unoperated right eye had remained 


symptomless and had shown no positive signs of progressive glaucoma although the optic disc 
was reported as “cupped”. The right visual field remained full and there was no central field 


defect; the ocular tension was invariably 28 mm. Hg Schiétz (recorded in the early afternoon); 
corrected vision remained 6/5 constantly; gonioscopy revealed a narrow but open angle without 


goniosynechiae and the bulbar pressure test gave an outflow fraction of 36 per cent. 


Treatment.—A peripheral iridectomy was performed on April 9, 1957, 72 hours after 
the congestive episode of glaucoma in the right eye had subsided. The surgical approach 
was made ab externo under a conjunctival flap with a von Graefe knife. The iris was 
grasped with forceps and a small piece abscised. Air was injected to reform the anterior 
chamber and eserine was instilled into the conjunctival sac. 

At the first post-operative dressing the following day, the anterior chamber had recovered 
its normal depth and convalescence was uneventful. Scattered traces of hyphaema were 
recorded as being present on the anterior lens capsule in the centre of the miotic pupil 
and this was held to account for the immediate low post-operative visual acuity. 
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Follow-up.—One month later the corrected visual acuity was still low and slit-lamp 
examination revealed a stippling of haemorrhage within the substance of the lens in 
several layers along its optical axis and not on the lens surface as was previously supposed. 
There was also a diffuse lens haze (Fig. 2). The upper edge of the lens was examined 
gonioscopically and was found to be opaque, part of the capsule being covered by a small 
haemorrhage. When this patch of haemorrhage had absorbed no capsular wound was 
visible. There has been no change in the colour or disposition of the intra-lental 
haemorrhage in the 7 months since the operation. 


Fic. 2.—Multiple discrete haemorrhages situated at various levels in the right lens of Case 2. 


Discussion 

Both patients had an apparently uneventful operation for the relief of 
glaucoma, in which a fistula was made at the iris root. In each case 
haemorrhage “on the surface of the lens” was recorded soon after operation, 
but subsequent slit-lamp examination revealed its true position. Otherwise 
convalescence was without incident. 

In Case 1 the fundus reflex was lost on the sixth posi-operative day when 
a large quantity of blood suddenly appeared in the lens without any attendant 
hyphaema. The most likely explanation is haemorrhage from a localized 
area of granulation tissue which had formed around a small rupture in the 
upper capsule. Even so, it is remarkable that the blood could track down 
between the lens fibres with such apparent ease, although its passage would 
be facilitated if there were prior break-up of the fibres and by the formation 
of clefts between them. Surprising also is the absence of appreciable 
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cataract change during the ensuing months. It must be assumed that the 
gap in the capsule has been sealed by organized fibrous tissue, the anterior 
face of which now fills the iridotomy. 

In Case 2 there is a smaller quantity of blood within the lens. It is 
arranged as a number of discrete clumps situated at various depths which 
may indicate a different method of formation. The blood may have seeped 
down from the small hyphaema which was observed on the upper surface 
of the lens through a small capsular rupture. The gradual increasing 
haziness of the lens suggests that the reparative process has been less effective. 

The lens is not equipped with any suitable mechanism for the removal of 
foreign material in bulk and very little clearing of the haemorrhage is to be 
expected. Stein (1955) reported a case of intra-lental haemorrhage which 
he attributed to bleeding from a persistent hyaloid artery; he did not observe 
any change in the haemorrhage during the course of one year. 


Summary 


Two cases are described in which blood entered the crystalline lens follow- 
ing the surgical treatment of glaucoma. The mode of entry is discussed. 
The blood has remained unchanged within the lens for 11 months in the 
one case and 7 months in the other. 

Our thanks are due to Mr. P. L. Blaxter and Dr. A. Stanworth for permission to report these 


cases, and to Dr. J. L. S. Smith for criticism of the manuscript. The neenone are by Mr. E. 
G. Smith of the Department of Medical Illustration, Manchester Royal 
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MUCOPOLYSACCHARIDE IN THE SECRETION OF 
VERNAL CONJUNCTIVITIS* 


ITS USE AS A DIAGNOSTIC TEST 
BY 
E. NEUMANN anp N. BLUMENKRANTZ 
From the Department of Ophthalmology, Hadassah Medical School, Jerusalem 


THE stringy character of the secretion in vernal conjunctivitis has long been 
known. It was first described by Herbert (1903), who noted: the formation 
of a pseudo-membrane (“‘fibrinous”’) on the everted eyelid, when the lid was 
kept maintained everted for several minutes. Lyons (1937) was of the 
opinion that the pseudo-membrane was a better diagnostic sign than the 
eosinophilia and used provocative procedures to obtain it. Strebel (1933) 
gave a description of the strings in the secretion according to which the 
centre of the string is structureless, hard, and with a peripheral mantle in 
which cells are imbedded. Lehrfeld and Miller (1939) referred to the 
stickiness of the strings as ““chewing gum mucus’”’. 

These peculiarities of the secretion of vernal conjunctivitis cannot be 
explained by the assumption of an abundance of fibrin exudation, since other 
fibrinous exudates are not as stringy or sticky. Stary (1957) described the 
presence of a mucopolysaccharide on the surface of the mucous membranes 
of the respiratory tract, and proved that the amount of mucopolysaccharides 
was increased in allergic conditions. 

It was, therefore, considered possible that some mucopolysaccharide may 
account for the character of the secretion in vernal conjunctivitis. Since the 
quantities of conjunctival secretion are usually minute it was necessary to 
resort to a new microtest for mucopolysaccharides developed in this 
laboratory (Blumenkrantz, 1957). 


Material and Methods 


(A) Smears.—These were taken at various times from 150 patients known to 
suffer from vernal conjunctivitis. All these cases were under treatment in our 
special clinic for vernal conjunctivitis and the diagnosis was based on objective 
findings in the-palpebral or bulbar conjunctiva. Similar smears were taken from 
fifty normal eyes and from fifty other patients suffering from various conjunctival 
conditions as a control series. 

In each case the smear was taken from.the conjunctiva of the everted upper eye- 
lid. A wire loop was used lightly scratching the surface of the conjunctiva five 
or six times. No drops nor provocative methods were used. The smears were 





* Received for publication January 11, 1958. 
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examined fresh or at most within several hours. The secretion on the slide was 
suspended in a drop of distilled water and a drop of toluidine blue 0-1 per cent. was 
added. The precipitate obtained was examined under the low-power microscope. 

Results were considered ‘“‘positive’’ if there was a relative abundance of a 
granular precipitate in the form of particles or of fibres coloured violet instead of 
blue (metachromasia). This precipitate is similar both in colour and morphology 
to that obtained when toluidine blue is added to pure hyaluronic acid. 

Results were considered “‘negative”’ if there was very little precipitate which was 
practically all blue and therefore showed no metachromasia. 

Results were considered “‘atypical” when there was abundance of a precipitate 
of a similar granular structure but not metachromatic. 

(B) Paper Chromatography.—Secretion from cases of vernal conjunctivitis, from 
normal conjunctivae, and hyaluronic acid were submitted simultaneously to paper 
chromatography. Six cases of vernal conjunctivitis were taken thus, and four 
patients with normal conjunctivae as controls. The conjunctival secretions and 
the hyaluronic acid were submitted to hyaluronidase digestion for 36 hours at 
37°C. before the paper chromatography tests. Silver nitrate was used as the 
spraying agent. 


Results 


Smears.—All 150 smears taken from the vernal conjunctivitis cases and 
submitted to the toluidine blue microtest were “positive”. This was so even 
in the bulbar cases in which secretion was often scarce. 

All the smears from normal conjunctivae were either “negative” or 
“atypical”’. 

Of the fifty various conjunctival conditions twenty-five were “‘atypical’’, 
twenty “‘negative’’, and five “‘positive’’. Of the five “positive”, one was a 
fresh lime burn, and the other four were of undetermined aetiology (Table). 


TABLE 
RESULTS WITH TOLUIDINE BLUE MICROTEST 





as Smears 
Condition 





Negative 


Atypical 


Positive 





Vernal Conjunctivitis .. 


0 


0 


150 





Normal .. 


46 


4 


0 





Other 








20 





25 





5 





Paper Chromatograph.—Similar spots were obtained with hyaluronic acid 
and with the secretions from the six cases of vernal conjunctivitis, but the 
secretions from the four cases without vernal conjunctivitis gave dissimilar 
spots. 





E. NEUMANN AND N. BLUMENKRANTZ 
Discussion 

The fact that all the vernal conjunctivitis smears were consistently 
“positive” and that all the smears from normal conjunctivae and from 
patients with other conjunctival conditions were either “negative” or 
“atypical” suggests that the microtest described above is a simple and 
valuable aid in the diagnosis of vernal conjunctivitis. It is easy to perform 
and gives more consistent results than any other known diagnostic test, 
including the provocative tests for the appearance of strings and the presence 
of eosinophilia. 

This test is based on the relative abundance of a mucopolysaccharide in the 
secretion of vernal conjunctivitis. In describing the microtest, Blumen- 
krantz (1957) suggested that hyaluronic acid could be identified according to 
the colour and morphology of the precipitate. Since the precipitate obtained 
with the secretion from cases of vernal conjunctivitis is similar to that 
obtained when toluidine blue is added to pure hyaluronic acid, it is suggested 
that the mucopolysaccharide in the secretion of vernal conjunctivitis is 
hyaluronic acid. The results of the paper chromatography test tend to 
confirm this view. 

The reason for the abundance of a mucopolysaccharide in the secretion in 
vernal conjunctivitis is not clear. Altshuler and Angevine (1949) showed 
that the formation of metachromatic material was closely related to the 
processes of hyalinization and amyloid degeneration. Godtfredsen (1949) 
showed local production of hyaluronidase in various allergic conditions. 
Vernal conjunctivitis causes hyalinoid degeneration of the connective tissue 
of the conjunctiva, and is at least a “secondary allergic condition” as des- 
cribed by Gutmann (1945). A local production of hyaluronidase in vernal 
conjunctivitis may explain the partial digestion of the mucopolysaccharide 

within the conjunctiva and its appearance in the secretion. 


Summary 


(1) Secretions from 150 cases of vernal conjunctivitis were submitted to the 
toluidine blue microtest for mucopolysaccharides together with control 
smears from 100 other cases. 


(2) Secretions from cases of vernal conjunctivitis and from a number of 
controls were tested by paper chromatography together with hyaluronic acid 
after digestion with hyaluronidase. 

(3) The results indicate that a specific test for vernal conjunctivitis may be 
based on the presence in the secretion of a mucopolysaccharide. 


(4) The role of hyaluronic acid and hyaluronidase in the pathogenesis of 
vernal conjunctivitis is discussed. 
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CASE NOTES 
ALLERGY TO ANTIVENINE SERUM* 


BY 


S. P. MATHUR 
Department of Ophthalmology, P.B.M. Group of Hospitals, Bikaner (Rajasthan), India 


ONLY a few reports have appeared in the literature of the ocular complications 
of snake-bite. Jaksch (1897) reported amaurosis, Oettingen (1952) blindness 
with ocular paralysis, Davenport and Budden (1953) bilateral secondary 
optic atrophy, and Friedmann (1956) bilateral optic neuritis as a result of 
severe haemorrhages which followed snake-bite. The following case is 
described as a warning against the indiscriminate use of Antivenine serum 
after a bite from a non-poisonous snake. 


Case Report 


A female aged 35 came to the casualty department on September 18, 1957, with the history 
of having been bitten by a snake on the right little finger about 20 minutes earlier. The 
snake was killed and brought along for examination and was found to belong to a non- 
poisonous group. To be on the safe side, however, classical incisions were given at the 
site and potassium permanganate was applied. Antivenine serum was also injected and 
the patient was admitted to hospital for observation. A close watch was kept on pulse, 
blood pressure, and respiration, and shock passed off gradually. There was no nausea 
or vomiting, the urine was clear with no red blood corpuscles under the microscope, the 
blood picture was normal, and there was no swelling or discolouration at the site of the 
bite. The general condition had improved by the next day, when the patient was dis- 
charged with instructions to return if there was any complaint. 
On the sixth day she returned to the hospital complaining of diminution of vision. 


Examination.—The visual acuity in both eyes was 6/36 not improved with glasses. The 
refraction was —2-5 D sph. The lens was swollen and spoke-like opacities were visible 
at the periphery. The disc was pinkish in colour with a very small physiological pit. 
Peripapillary oedema was present. 

The patient was kept under observation at monthly intervals. In October there was 
hardly any subjective or objective improvement. In November the visual acuity had 
improved to 6/18 in the right eye and 6/12 in the left and the refraction was emmetropic. 
The spoke-like opacities in the lens were reduced to the extreme periphery, and the disc 
was much improved in colour with little peripapillary oedema. There was no remarkable 
improvement with glasses. 

In December, 1957, the visual acuity had improved to 6/9 in the right eye and 6/6 in 
the left, and the refraction was +1-5D sph. in both eyes. Lenticular opacities were no 
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longer visible, the disc was normal in colour, there was no peripapillary oedema, and the 
physiological cup was normal in size. 

These observations show that there was not only swelling of the lens but also a transient 
papillitis, as the visual acuity could not be improved by glasses. 


Di . 


The transient swelling of the lens and the papillitis seemed to be due to 
allergy to Antivenine serum. They could not have been due to the snake- 
bite as the snake was non-poisonous. In the case reported by Davenport 
and Budden (1953), the ocular changes appeared 6 days after the snake-bite 
and the Antivenine injection. This also happened in the present case and 
probably accounts for the time taken for the allergy to manifest itself. 


Summary 
A report is given of a case in which transient swelling of the lens and 
papillitis occurred apparently through allergy to Antivenine serum. The 
eyes gradually returned to normal in the course of 3 months without treat- 
ment. 


I should like to thank Dr. T. G. Mathur, Principal Medical and Health Officer, Bharatpur, 
od permission to publish the details-of this case, which was seen at the Victoria Hospital 
Bharatpur. 
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CHIASMAL ARACHNOIDITIS* 


BY 
D. C, GIBBS 


Kent and Sussex Hospital, Tunbridge Wells, Kent 


To many oculists chiasmal arachnoiditis is a nebulous entity, considered in 
differential diagnoses of chiasmal lesions but seldom encountered in practice. 

Duke-Elder (1949) describes the pathology. Proliferative changes in the 
arachnoid bind down the chiasma and optic nerves, compressing them, 
cutting into them, or infiltrating them along their connective tissue septa. 
The aetiology is obscure, but preceding infection (haematogenous, encephal- 
itic, or spread from the nasal accessory sinuses) is mentioned, and he points 
out that the arachnoid, like the peritoneum, tends to continue an adhesive 
sclerosis long after the inciting agent has ceased to be active. Symptoms are 


headache with loss of vision appearing suddenly or (more often) gradually, 
and oculomotor pareses have occasionally been reported. The visual fields 
commonly show pleomorphic shifting changes, irregular concentric con- 
traction, or incongruous bitemporal hemianopic defects. The diagnosis is 
based mainly on the lack of other signs, endocrine, nervous, or radiological. 

It seems worth recording this rather dramatic case because it presents many 
features of the disease. 


Case Report 


A male company secretary aged 38 years was referred to out-patients by his doctor ©» 
September 24, 1955. Apart from myopia (Right -3-:25D sph., -0-5D cyl., axis 93’; 
Left -2D sph., -0-5D cyl., axis 30°) and congenital red-green blindness, he had had no 
previous trouble with his eyes. 

For 10 days he had noticed dull occipital pain, particularly on lateral ocular movements, 
and for 3 days pain behind the left eyeball. Then on waking one morning he had found 
the vision in the left eye so defective that at first he thought his left eye was closed. He 
could see (in his own words) “a purple curtain with shimmering crosses of silver on it”. 
This cleared within a few minutes, leaving a slight blur which persisted when he attended 
hospital 3 days later, although the corrected visual acuity was 6/5 in each eye. The fundi 
were normal and the visual fields showed no scotomata, but the left pupil was 1 mm. larger 
than the right, and showed a sluggish and poorly maintained reaction to light. 

On October 20, 1955, he again reported pain on movement, this time of the right eye, 
followed soon after by blurred right vision. Visual acuity with glasses was 6/12 in the 
right eye and 6/5 in the left. The pupils remained unequal, but the right reaction was 
now poorly maintained, and there was weakness of the right medial rectus and inferior 
oblique muscles. The IV, VI, and VII nerves and ‘corneal sensation were normal. The 
media were clear, and still no definite scotoma could be found. A fortnight later the 
vision in the right eye had improved to 6/9, but there was still some diplopia on looking 
to the left; a further 4 weeks later the corrected vision was 6/5 in each eye, the pupils were 
equal, and the ocular movements normal. 
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On January 7, 1956, he again reported failure of vision, which had started in the left 
temporal field 8 days previously. He described a “bar” spreading across the field, above 
which he could see blurred images and below which he could see clearly, until on the 
fourth day his left central vision “blacked out”. The vision in the right eye had also 
deteriorated over the last 24 hours. The corrected visual acuity was 6/36 in the right 
eye and hand movements in the left. Both pupils showed a retrobulbar type of reaction. 
The left field showed a dense central scotoma, and the right a defect in its upper part with 
a deep central core (Figs 1 and 2), 


Lefc 


The visual fields improved during the next few days, and by January 13 the left central 


scotoma had fragmented, while the right had lost its dense core. 3 days later the left 
defect was receding from the macular region, and the right had disappeared. On 


January 23 the corrected visual acuity was 6/6 in each eye, and no scotomata were found 
to 1/1000 white or 3/1000 red for either eye. 

This remission lasted only 5 days. He returned complaining of blurred vision in the left 
eye and on January 28 the visual field showed for the first time a bitemporal hemianopic 
tendency, mainly in the upper part (Figs 3 and 4). 


Left 
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2 days later the left scotoma had begun to recede, but the right eye improved more 
slowly. 


On February 16 there was another recurrence. Again he described the sensation of a 
curtain passing across his sight, diagonally from the lower temporal to the upper nasal 
part of the right field. The corrected acuity was 6/60 in the right eye and 6/6 in the left. 
Whereas the left field was normal, the right showed a general lack of perception of 
1:1000 white. 

‘At this stage he was admitted to hospital for a 3 weeks’ course of rest, anticoagulants 
(Dindevan),and ACTH. Regular prothrombin times ensured a satisfactory anticoagulant 
effect, and no toxic reactions occurred. The vision showed a steady improvement during 
this treatment until the last day. 


Then on March 7, while he was still on ACTH, a relapse occurred. He described a 
shadow passing across the left field from the temporal side. Corrected visual acuity was 
6/12 in the right eye and 6/36 in the left. The visual fields showed a dense left centrocaecal 
scotoma, and a right hemianopic defect. He was discharged from hospital on cortisone 
25 mg. twice daily, iodides were started as well, and it was observed that bodily exertion 
or hot baths produced an appreciable but temporary falling off of vision. 

On March 17 there was a rapid bilateral deterioration of of vision, which may have been 
connected with the fact that he had run out of cortisone 48 hours previously (Figs 5 
and 6). 





When he began to take cortisone again improvement set in, and the field defects 
dwindled, but for the first time optic atrophy was noted. The visual fields on April 5 
are shown in Figs 7 and 8 (opposite). 

On April 9 it was suggested that there might be a definite connexion between his disease 
and dental infection. A right lower premolar had been aching, and before one of his 
visual failures in March there had been an exacerbation of pain. Furthermore, after the 
extraction of this tooth on March 26, there had been a steady improvement in vision. 

A bacteriological examination made from a left upper incisor extracted on April 28 
grew Strep. viridans and N. catarrhalis, sensitive to penicillin, streptomycin, aureomycin, 
and chloramphenicol. These may well have been contaminants from the mouth, but 
nevertheless a course of vaccine was tried. Parke-Davis anti-catarrh vaccine was given 
in June, starting with 0-1 ml. and increasing by seven doses to 1 ml. In July the visual 
acuity improved, and by September, although bitemporal defects were present, both 
maculae were spared. 
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The patient has been on prednisone 5 mg. daily up to time of writing, and on the last 
few occasions when the visual fields were recorded they showed no change. The fields 
on May 29, 1957, are shown in Figs 9 and 10. 








The corrected visual acuity is now 6/18 in the right eye and 6/9 in the left and both discs 
show optic atrophy. The patient feels confident enough of his sight, however, to drive 
a car in the country. 


Laboratory Investigations 
October, 1955: 
Haemoglobin 109 per cent., film normal. 
Blood sedimentation rate’7 mm/1 hr. 
Kahn test negative. 


X-Ray of Skull_—Some asymmetry of the lesser wings of the sphenoid and secondary 
asymmetry of the superior orbital fissures, within normal limits. 
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January, 1956: 
Lumbar puncture, clear cerebrospinal fluid, pressure 120 mm. 
Quickenstedt normal. 

Lange 000 000. 


Kahn test negative. 
Protein 35 mg. per cent., sugar 58 mg. per cent, chloride 560 mg. per cent. Cells no 


increase. 
Erythrocyte sedimentation rate 6 mm./1 hr. 
Di s 

Dr. Simon Behrman saw the patient on February 7, 1956, and considered 
this to be a case of arachnoiditis rather than of a demyelinating disease: 

‘The episode on September 24, 1955, as also the initial variability of perimetric 
defects, their rapid fluctuation, and the absence of neurological, radiological, and 
serological abnormalities served as a basis for the clinical diagnosis. 


The extremely rapid, not to say apoplectiform, fluctuations have been in my 
experience a significant feature in several cases of chiasmal arachnoiditis con- 















































| 
firmed at operation. These phenomena indicate circulatory disturbances which ] 
are presumably caused by embarrassment of the blood vessels in their passage ( 
through the subarachnoid space in the regions affected by the inflammatory process. C 
The blood vessels supplying the spinal cord are in similar anatomical relationship R 
- with the leptomeninges to those supplying the chiasma and optic nerves. Spinal e 
cord lesions are also apt to arise in an apoplectic fashion as a consequence of - 
chronic spinal leptomeningitis.(arachnoiditis). t 
When present these apoplectic events help to distinguish chiasmal arachnoiditis . 
from chiasmal or optic nerve lesions of demyelinating pathology.” : 
Summary W 
: m 
The symptoms are described and the central fields recorded of a case of h 
chiasmal arachnoiditis, showing seven episodes of visual deterioration during tes 
the course of some 8 months. The field fluctuations were at first “‘extremely pe 
rapid, not to say apoplectiform” and recovery was complete. ~ Later the ot 
field defects developed a bitemporal hemianopic tendency, and with the a 
onset of optic atrophy a permanent defect of this type remained. 
This patient was under the care of Mr. H. McNeil Symons, and I wish to thank him for his 
permission and encouragement to write the case summary. A 
1 
We are indebted to Dr. Simon Behrman for his help with the diagnosis and treatment, and for of { 
allowing his comments to be quoted. Last, but-not least, I am grateful to the patient, for cheer- he 
fully submitting to the tedious process of recording his fields on so many occasions. hak 
( 
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MALIGNANT GLAUCOMA* 


BY 


A. G. CROSS 
London 


MALIGNANT glaucoma is a condition in which a rise in intra-ocular pressure 
is associated with complete or almost complete loss of the anterior chamber 
of the eye. It usually develops after surgical treatment for glaucoma has 
been carried out and in eyes with a narrow angle. It is usually found that, 
if it occurs in one eye, a rise in tension in the other eye follows a similar 
course. It is uncommon, but it has long been recognized and was first 
described by von Graefe (1869). Interest in this form of glaucoma has been 
stimulated by the observations of Chandler (1950), who postulated that 
extraction of the lens was the treatment which offered the best chance of 
restoration of vision, and further suggested that, with the onset of raised 
tension in the second eye, the lens of that eye should be extracted immed- 
iately. Removal of the lens had, of course, been practised intermittently for 
this condition since the 19th century. Malignant glaucoma is associated 
with an anterior movement of the iris-lens diaphragm, and is said to occur 
more usually in eyes with a shallow anterior chamber and in which the tension 
has been elevated at the time of operation. It occurs, not infrequently, 
in patients of a fairly young age group. This communication describes a 
patient who developed malignant glaucoma first in one eye and then in the 
other, and who recovered vision and normal tension in both eyes without 
extraction of the lenses. 


Case Report 


A man aged 49 first attended on January 22, 1957, complaining of transient blurring 
of the vision of the left eye during the previous few months. The blurring was said to 
be associated with some ocular and frontal pain, but there was no definite history of 
haloes. 

Examination.—The visual acuity was full with a mixed astigmatic correction and the 
intra-ocular pressure was within normal limits in each eye. The left field of vision 
showed nasal loss, with an arcuate scotoma breaking out above fixation. 

Treatment.—1 per cent. pilocarpine nitrate drops were prescribed, and one week later 
the visual acuity and intra-ocular pressure remained unchanged, but the vision was said, 
subjectively, to be slightly blurred. 
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One week later, the intra-ocular pressure had risen to 48 mm. Hg (Schiotz), and treat- 
ment was modified by giving 250 mg. Diamox twice daily. 

On February 12, 1957, the intra-ocular pressure was normal and the patient said the 
vision was clearer. One week later, although the left intra-ocular pressure was still 
normal (22 mm. Hg, Schiétz), the vision was said to be blurred, and it was decided that 
surgical treatment must be undertaken. The diagnosis appeared to be closed-angle 
glaucoma. 

Operation.—Peripheral iridectomy was performed on March 6, 1957. The eye settled 
satisfactorily after the operation, and the visual acuity returned to 6/5 with a slightly 
more myopic correction than previously, the tension being normal. 


Progress.—The field remained unchanged 4 weeks later, except that a narrow arcuate 
scotoma was observed to have developed below. On April 30, 1957, there was a com- 
plaint of slight haze of the vision in the left eye but the intra-ocular pressure remained 
normal. 4 weeks later the patient stated that he had very marked blurring of vision in 
the left eye which had begun on the previous evening. The visual acuity was less than 
6/60, the tension was raised, and the anterior chamber had almost disappeared. A 
diagnosis of malignant glaucoma was made, and the patient was admitted to hospital. 


Treatment.—Diamox and 1 per cent. eserine drops were given and 18 hours later, 
though the anterior chamber was very slightly deeper and the vision Jess blurred, the 
ocular tension was still raised, and it was apparent that surgical treatment was necessary. 
It was decided to undertake an inferior iridectomy, since it was felt that the superior 
iridectomy was being blocked by forward displacement of the lens and that, unless the 
lens was unusually large, it could not at the same time block an inferior iridectomy. 


Operation—Complete iridectomy below was performed on May 23, 1957, and on the 
following day the intra-ocular pressure was normal and a good anterior chamber had 
reformed. 

Progress.—On May 28, 1957, the patient complained of pain in and around the eye 
and when he was examined it was found that the ocular tension was raised and the anterior 
chamber absent. Treatment with eserine sulphate drops and Diamox caused no improve- 
ment. After discussion with Mr. E. F. King, arrangements were made to perform a 
combination of procedures which he had found to be helpful in a similar case. 


Operation.—On May 30, under general anaesthesia, a cyclodialysis was performed in 
the 8 o’clock meridian, where some element of the anterior chamber remained, an in- 
cision being made about 7 mm. behind the limbus. A posterior sclerotomy was carried 
out about 2 mm. further back and about 0-2 ml. vitreous was evacuated through a wide- 
bore needle with a hypodermic syringe. A lacrimal cannula was passed through the 
cyclodialysis track and air was forced into the anterior chamber, which reformed with an 
audible click as though some suction had existed between the posterior corneal and 
anterior lens surfaces. The air bubble was completely replaced by aqueous in 5 days, and 
the patient had a deep anterior chamber with normal tension, and satisfactory vision, 
when he left hospital 2 weeks after the operation. | 


Progress.—On June 22, 1957, the ocular tension of the left eye was normal, the anterior 
chamber of average depth, and the visual acuity 6/9 with correction. The patient had, 
however, noticed some discomfort of the right eye, though the vision and ocular tension 
showed no abnormality. 

On June 28, 1957, there was a complaint of pain in the right eye, similar to that felt 
previously in the left eye, and the anterior chamber was noticed to be becoming shallow, 
though the ocular tension and vision were still normal. On the following day the tension 
of the right eye was 40 mm. Hg (Schi6tz), the pain was more severe, and the anterior 


chamber almost absent. 
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Operation.—A._ peripheral iridectomy was performed above, followed by posterior 
sclerotomy, vitreous evacuation, and the injection of air into the anterior chamber. 
air absorbed and the anterior chamber reformed with a normal ocular tension, but by 
July 4 the rise in ocular tension had recurred, the anterior chamber was again lost, and 
pain was increasing. 


Operation.—It was then decided to perform the combination of cyclodialysis, posterior 
sclerotomy with vitreous evacuation, and insertion of air to the anterior chamber which 
had been successful in the left eye, and this was carried out under general anaesthesia 
on the same day. The eye settled rapidly, and the patient left hospital on July 13, 1957, 
with normal ocular tension and anterior chambers of average depth in both eyes. 

Progress.—On July 31, 1957, the ocular tension and anterior chambers remained nor- 
mal. The visual acuity in the right eye was 6/5 with +0-5D sph., -1-5D cyl., axis 
92-5°, and in the left eye 6/9 with +0-5D sph., -0-5D cyl., axis 45°. The right visual 
field was full, and the left still showed nasal loss and an arcuate scotoma as at the 
examination on April 2, 1957. Some organized exudate was present on the anterior lens 
capsule of the left eye but there was no significant lens opacity in either eye. The condi- 
tion of both eyes was still satisfactory in January, 1958. 


Discussion 

This case is reported because it falls into the classification of malignant 
glaucoma, though the second eye showed the condition of raised tension and 
loss of anterior chamber before operation, and because the tension in both 
eyes has been controlled by surgical treatment without having to undertake 
the relatively disabling operation of lens extraction. The precise mechanism 
of the rise in tension in this case.is uncertain, but it seems that the aqueous 
was being retained in the vitreous cavity so that the lens was forced forwards 
to obliterate the anterior chamber and close its angle. Shaffer (1954) has 
pointed out that the aqueous can find its way into the posterior part of the 
vitreous causing separation of the vitreous and the retina, and that the lens 
may be pressed forward to obstruct the angle of the anterior chamber. He 
states that this is more likely to occur after surgical treatment on the eyeball, 
and suggests that previous ocular hypertension may make this even more 
likely. It is also possible that this patient, and others who suffer from malig- 
nant glaucoma, have an actual or relative increase in the size of the lens, and 
that this type of glaucoma is secondary to an abnormal anatomical condition. 
Increasing myopia may be a sign of an enlarging lens (Chandler, 1950), and 
may follow an intra-ocular operation. It appears that in this case the 
puncture and drainage of the vitreous cavity, combined with the cyclodialysis 
and the forcible reformation of the anterior chamber by the insertion of air, 
must have restored the flow of aqueous through the lens-iris diaphragm and 
through the angle of the anterior chamber, so that normal ocular tension and 
normal anterior chambers have been reconstituted. It was felt at the onset 
of the raised tension in the right eye (the second eye affected) that it was 
essential to perform an iridectomy so that a passage would be provided 
through the lens-iris diaphragm. The progress of the case showed that this, 
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even in combination with vitreous puncture, did not overcome the condition 
causing the rise in tension, and the further operative procedure became 
necessary. Various authors, including Birge (1957), report the use of 
posterior sclerotomy and vitreous aspiration in cases of malignant glaucoma, 
but without satisfactory results. It appears that the reformation of the 
anterior chamber by air injection is an essential procedure, and it is worthy of 
emphasis that, in the case of the right eye, it was possible to force more air 
into the anterior chamber through the long narrow cyclodialysis track than 
through the wider iridectomy incision. 


Summary 
A case is reported of bilateral malignant glaucoma, successfully treated by 
surgery without the removal of the lens which has been the orthodox pro- 
cedure in recent years. 


I should like to express my thanks to Sir Stewart Duke-Elder, to Mr. E. F. King, and to Mr. 
Redmond Smith for their help in the management of this case. 
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TWO NEW SURGICAL INSTRUMENTS*+ 
BY 
R. H. TOWNSEND 
Cape Town, Union of South Africa 


MODIFIED SINCLAIR’S CORNEAL SCISSORS 


In this modification the blunt-ended, notch-edged blades of Sinclair’s scissors are 
made up on the flat, without angulation, and are activated by spring action (Fig. 1). 
These scissors are particularly designed for enlarging limbal incisions in 
cataract surgery—especially for use in the keratome and scissors technique. They 
are very easy to manipulate when enlarging the wound to right or left. The flat 
blunt-ended blade can be made to creep easily between iris and cornea for enlarging 
the limbal incision without implicating the iris. The notch-edge suggested by 
Sinclair appears to cut tough cornea readily without its tending to slip away 
between the blades. Even in cases in which the anterior chamber is lost during a 
von Graefe section and an unintentional and unwanted iridectomy seems in- 
evitable, it has been possible to remove the von Graefe knife to complete the 
section satisfactorily with these scissors. 


Half Size 
Full Size 


Fic. 1.—Townsend’s modified Sinclair’s corneal scissors. 


MODIFIED FOSTER’S SCISSOR NEEDLE-HOLDER 


The only difference between this instrument and Foster’s scissor needle-holder is 
the application of the spring action principle instead of the looped finger holders of 
unequal length (Fig.2). I find this instrument useful in squint operations, in dacryo- 
cystorhinostomy when tying knots in inaccessible places, or any plastic procedure 
involving the application of several sutures and tying and cutting the knots. 
The needle-holder appears to grip sutures more firmly than many well-known 
suture forceps and it is very convenient to be able to cut the suture without 
assistance and without changing instruments. Practice and some care are re- 
quired, however, to avoid cutting sutures unwittingly with this instrument. 


Half Size 


Full Size 


Fic. 2.—Townsend’s modified Foster’s scissor needle-holder. 
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CORRESPONDENCE 


EYE DISEASES IN AFRICAN CHILDREN 


To the Editorial Committee of the British JOURNAL OF OPHTHALMOLOGY 


Sirs,—The comment of Rodger (1958) on the ocular manifestations of malnutrition in 
the West African child are a timely reminder that, not only in Africa but also in many 
other parts of the tropics, the blinding effects of dietary deficiency continue to be of great 
importance, However, his views on vitamin A deficiency cannot be allowed to pass 
unchallenged. That the status of Bitot’s spot is still uncertain is exemplified on the one 
hand by Rodger’s paper, where it is stated, although evidence is not given, that it is 
“irreversible” and unrelated to vitamin A deficiency, and on the other by the equally 
recent work of Roels, Debeir, and Trout (1958), also from Africa (Ruanda-Urundi), 
where a close correlation is claimed between Bitot’s spots and serum carotene and vitamin 
A levels. In both papers photographs are reproduced of what the authors regard as 
typical Bitot’s spots, and it would appear that they are talking about the same condition. 
They closely resemble the lesions I saw accompanied by xerosis conjunctivae in India in 
school-age children and in young adults, which were usually, but not always, responsive 
to prolonged vitamin A therapy. 

Most mucous membrane and skin signs associated with defective diet have been shown 
to be non-specific and of multiple aetiology, and various kinds of local trauma also play a 
constant but ill-defined part. Such lesions of the conjunctiva are usually confined to or 
maximal in the interpalpebral fissure; for example, pigmentation, wrinkling, Bitot’s spot, 
conjunctival injection, pinguecula, and pterygium, and in this unique area of the body, 
where transparent epithelial structures are exposed to both light and air, trauma and 
nutrient deficiency may be closely related. In my view, it would be as difficult to justify 
the decision of Debeir to take Bitot’s spot as the sole clinical sign of vitamin A deficiency 
because it is “‘reputedly very specific”’ as it is to agree with Rodger on the “irreversible” 
nature (length of treatment not stated) of his admittedly “very few” cases. My own 
opinion, based upon personal experience of xerophthalmia over a number of years in 
South India, Indonesia, and East Africa, is that no single conjunctival change or group 
of changes can be regarded as being specific for vitamin A deficiency. 

When one turns to the advanced stages, going by the names of xerophthalmia and 
keratomalacia, it has been repeatedly shown by others, and is also my own experience 
(McLaren, 1956), that the blinding corneal lesions of lack of vitamin A are most common 
in the young child and are manifestations of a deficiency which is advancing at a rapid 
tempo. Rodger refers to Blumenthal (1950), and by his description it appears that 
“spontaneous iris prolapse” (“S§.I.P.”) also occurs in West Africa, although his picture 
(Fig. 6) is not typical, and Blumenthal (Figs 2 and 3) are typical. In a subsequent paper, 
Blumenthal (1954) lists ten differences between keratomalacia and “S.1.P.”. Having 
seen many cases of the former in Asia and Africa, and of the latter only in Africa, I too 
have no doubt that these are distinct conditions. That Blumenthal included in his 
seven clinical types some stages of trachoma and some end-results of trauma and second- 
ary infection, for which he has been criticized in South Africa, should not detract from the 


value of his emphasis on “S.[.P.” as a new, and as yet idiopathic, entity. In view of 
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Rodger’s confusion of “‘S.I.P.” as a feature of keratomalacia, it is not surprising that 
night blindness was infrequently associated. 

Biomicroscope studies, which I have recently made and are soon to be published, 
show that the earliest corneal change of “S.[.P.” starts in the endothelium and deep 
stroma, in contrast to vitamin A deficiency, which affects the epithelial cells above the 
basal cell layer. No close association with any particular deficiency has yet been demon- 
strated, and my cases in East Africa have included not only children with kwashiorkor 
and marasmus, but also otherwise healthy children and a young adult. 

Yours faithfully, 
D. S. McLaren, 
Medical Research Officer. 
EAst AFRICAN INSTITUTE FOR MEDICAL RESEARCH, 
P.O. Box 162, 
MWANZA, TANGANYIKA. 
July 24, 1958. 
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BOOK REVIEWS 


Ocular Allergy. By F. H. THEODORE and A. SCHLOSSMAN. 1958. Pp. xviii+420. 
Bailliére, Tindall and Cox, London. (96s.) 


Allergy is a relatively new concept in medicine, for the term was introduced only in 


1906 by von Pirquet to indicate abnormal reactivity to repeated contacts with foreign 


material; his observations arose as a result of his study of the curious and sometimes 
alarming reactions which resulted from repeated injections of horse serum in the use of 
diphtheria antitoxin. From von Pirquet’s work has grown an entire specialty in medicine 
with widely-spread frontiers, and nowhere has allergy been accepted as more widespread 
in its incidence and—more important—in its effects than in the eye. A whole host of 
diseases is ascribed to the mechanism of hypersensitivity—many types of conjunctivitis 
varying in nature from hay-fever or drug-allergies to spring catarrh or inflammations due 
to organisms or their products, as well as a large number of urticarial and eczematous 
conditions of the eye-lids. Among corneal diseases the most important conditions 
wherein allergy plays a dominant part are phlyctenular, disciform, and interstitial keratitis. 
A similar aetiology is generally associated with several types of scleritis and episcleritis. 
Apart from such conditions as sympathetic ophthalmitis and endophthalmitis phaco- 
anaphylactica, most authorities agree that many manifestations of uveitis are in greater 
or less degree associated with hypersensitivity of the tissue to micro-organisms or their 


products. Atopic cataract may well have an allergic basis, while the occurrence of neural 


allergies in the retina and optic nerve forms a more debatable problem. 

There is no doubt that an assessment of this vast subject in which much of ophthal- 
mology is contained is of great value. Such a task is difficult, calling for considerable 
practical wisdom and a capacity of critical appraisal. These qualities are shown in the 
present volume which covers the subject ably and exhaustively; it should form a most 
acceptable addition to any ophthalmological library. 





NOTES 


(Der Augenarzt). Edited by K. VELHAGEN, 1958. Pp. 710, 295 figs. 
(34 col.). Thieme, Leipzig. (DM 82.20). 

This is the first volume of a new German text-book. It has not the bulk nor the compre- 
hensiveness of its predecessor, the Kurzes Handbuch der Ophthalmologie of 1932, still less 
of the von Graefe-Saemisch Handbuch, but it is of considerable importance and should fill 
its purpose of an advanced text-book for the senior student and specialist. It is good 
that the sequence of authoritative manuals in German is being maintained. 

The volume is of composite authorship and is devoted to the fundamental sciences. 
J. Rohen of Mainz contributes a chapter on anatomy, A. Rieger a second on heredity, G. 
Badtke a third on embryology, H. Pau a fourth on physiological chemistry, M. Monjé a 
fifth on the light sense and the physiology of vision, K. Velhagen a sixth on pharmacology, 
and F. Muller of Leipzig a final chapter on bacteriology. 

The book provides a good and reasonably comprehensive review of each subject, 
without going into great detail or concerning itself with theoretical discussions. The 
bibliographies are useful but by no means complete. The illustrations and production 
are excellent. On the whole the first volume deserves a warm welcome as a very useful 
compendium of ophthalmology, bringing the great German hand-books up to date. 


NOTES 


OPHTHALMOLOGICAL SOCIETY OF NEw SOUTH WALES 
Norman McAlister Gregg Prize, 1958-9 


(1) Subject to the rules, the Prize shall be awarded to the candidate whose work is 
deemed to be the most valuable contribution to knowledge in ophthalmology. In the 
event of the Council being of opinion that no work is of sufficient merit it shall not award 
the prize. 

(2) A candidate must be, and declare that he is, a British subject. 

(3) The work submitied must be in the English language. It must be the candidate’s 
own original work and written since the prize was last awarded (August, 1955). If such 
work has previously been submitted for publication, details must be supplied by the 
candidate. 

(4) The Council shall appoint examiners for each competition and the Council’s de- 
cision as to the winning entry shall be final and conclusive. 

(5) Intending candidates shall notify the Secretary of the Society of their intention to 
submit contributions at least 2 months before the closing date. 

(6) Three copies of the work are to be submitted. It is to be typewritten and double- 
spaced. Each work shall bear a motto and shall be accompanied by a sealed envelope 
containing the author’s name and qualifications. 

(7) Entries will close for the present prize at midday on October 31, 1959. 


Intending candidates should notify the Secretary of the Ophthalmological Society of New 
South Wales, Dr. John Hornbrook, 147 Macquarie St., Sydney, Australia, at least 2 months 


before the closing date. 
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COMMUNICATIONS 


FRANCISCUS CORNELIS DONDERS 
BY 


STEWART DUKE-ELDER 
Institute of Ophthalmology, University of London 


ON November 6, 1958, a delightful ceremony took place at Utrecht to mark 
_ the centenary of the founding of the Eye Hospital in that city. The city 
and the government of the Netherlands, as well as a number of foreign 
ophthalmologists, combined with the university in celebrating the event 
which was honoured by the presence of Queen Juliana; and most fittingly 
the hospital entered the second century of its history as the Royal Eye 
Hospital of Utrecht, the first hospital of any kind in Holland to bear the 
“Royal” title. 

The celebrations naturally centred largely in the personality of the founder 
of the hospital—Donders—at whose statue, standing in a quiet square in 
Utrecht, a wreath was laid in homage as the first event in a crowded day. 
And it was well conceived that a biography of the great Dutchman should 
be published,* for Donders was not only the father of Dutch ophthalmology 
but must be considered, together with von Graefe and Bowman, as one of 
the great figures who ushered in the new era of modern ophthalmology in 
the middle of the 19th century. 

Donders was born on May 27, 1818, at Tilburg, a small manufacturing 
town in North Brabant, the youngest child and only boy in a family already 
comprising eight daughters. Immediately after his birth his father died of 
an apoplexy, brought on, it is said, by the unexpected fulfilment of a hope 
so long deferred. It is not surprising that in his early years, brought up 
in this female atmosphere, he was so spoiled and became so unruly that he 
had to be sent at the age of 7 to school at Duizel; here he earned pocket 
money by solving with rapidity and accuracy problems in arithmetic put to 
him by patrons of the local inn, and in general showed such precocity that 
he was made a paid tutor at the age of 11. Although he exhibited unusual 
proficiency in languages, arithmetic, and music, he decided to study medicine 
and for this purpose entered the University of Utrecht at the age of 17. On 
qualification he went to Flushing and then to the Hague as a military 
surgeon, and such was the impression he made upon the army authorities 
that, when the Military Medical School was formed at Utrecht, he was: 
invited to be lecturer on Anatomy, Histology, and Physiology. 





* “Franciscus Cornelis Donders.” By F. P. Fischer and G. ten Doesschate, with a foreword 
by H. J. M. Weve... 1958. Pp. 223. van Gorcum and Comp., N.V. Assen. 
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Back in the University atmosphere, Donders at once threw all his energies 
into its scientific life, publishing a number of original papers. Two of them 
were of outstanding merit. In one, published in 1844 when he was only 
26 years of age, he claimed that the principle of conservation of energy 
applied to life processes; animal heat is chemical heat, and in the economy 
of living organisms “there is a sum of energy as there is a sum of matter”. 
In the second, published in 1846, followed by another on the harmony of 
animal life (1847), he contested the almost universally accepted doctrine that 
species were created each by a separate and independent act and claimed 
that all forms of life were moulded into their separate forms by the con- 
tinuous operation of natural laws operating throughout the ages. It is not 


surprising that when Darwin’s Origin of Species appeared in 1859, Donders_ . 


was one of the most ardent supporters of the great English naturalist. 

Such was the reputation that he derived from these scientific contributions 
that in 1847 the University of Utrecht did an unusual thing. Wishing to 
secure his services and having no vacant chair, they invited him to become 
a professor extraordinary, asking him to select his own subjects for lecturing. 
He chose Forensic Medicine, Anthropology, General Biology, and Ophthal- 
mology. The last was a significant but accidental addition, for it is too often 
forgotten that Donders was essentially a biologist and physiologist. At that 
time, however, he was in financial difficulties, for he now had a wife and 
child, and to augment his income he had undertaken the translation of 
Ruete’s great German treatise on ophthalmology. In this subject his 
interest at that time was, of course, essentially physiological—the physiology 
of vision and the refraction and accommodation of the eye. Then a second 
fortunate chance arose, which was to have a great influence on his future 
life. Coming to London in 1851 to see the first Great Exhibition, he met 
von Graefe and Bowman, and here he learned of the exciting event of the 
introduction of the ophthalmoscope by von Helmholtz. He seemed to be 
greatly attracted to these two great scientific clinicians; the new ideas they 
discussed fascinated him and it appeared obvious that ophthalmology could 
offer opportunities for the practical application of scientific methods more 
adequately than any other branch of medicine. As a result, on his return 
to Utrecht, he started ophthalmic practice; his fellow citizens provided him 
with a temporary hospital and some years later subscribed 40,000 florins for 
the construction of a permanent institution containing forty beds, an institu- 
tion which was to be not only a clinical hospital but also a centre of research 
associated with the university. That this unique opportunity was made 
available to him at that time was fortunate for Utrecht, for on this account 
Donders refused the invitation of the University of Bonn to succeed von 
Helmholtz as professor of physiology—an offer which tempted him much. 

But, although in our minds Donders is usually considered primarily as 
an ophthalmologist, his interests were essentially physiological and _ his 
ophthalmological life was short. It is true that in 1858, about the time his 
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_ hospital was opened, there appeared the first of a long series of classical 


papers on the anomalies of accommodation and refraction of the eye which 
were to appear during the subsequent six years, so that in 1864 the volume 
published by the Sydenham Society of London contained a new and com- 
plete doctrine on the theory and practice of the correction of optical anomalies 
by spectacle lenses. But in 1862 the chair of physiology fell vacant at 
Utrecht and he was pressed to accept it, while at the same time a new physio- 
logical laboratory was built for him. On his assumption of this new post his 
pupil Snellen followed him at the Eye Hospital. In physiology he laboured, 
as always, with incessant zeal and his researches covered a wide field; his 
productivity was enormous, and on each subject which he studied he left 
an indelible mark—the physiology of speech, the speed of nervous reactions, 
muscular contractions, the movements of the heart, the chemistry of 
respiration, colour vision and colour blindness, and a host of other problems. 

Donders was now occupying a position almost unique in science and 
medicine, while his unusually delightful personality and his simple earnest- 


_ ness, his exceptionally wide knowledge and command of languages, his 


dignified bearing and his gifts as a speaker, made him outstanding in scien- 
tific meetings. He was president of two International Congresses of Ophthal- 
mology—a unique distinction—both of them held outside Holland: the 
Fourth Congress held in London in 1872, and the Seventh held in Heidelberg 
in 1888. He was president of the Sixth International Medical Congress held 
in Amsterdam in 1879, and vice-president and royal medallist of the Seventh 
International Medical Congress held in London in 1881. He was President 
of the Royal Netherlands Academy of Sciences and a foreign member of 
the Royal Society of London. 

In 1888, having reached the age of 70, Donders retired from his pro- 
fessional chair to be succeeded by his brilliant and eminent assistant and 
son-in-law, Engelmann. On May 27 and 28 in that year, his university, his 
country, and scientific men from all over the world combined to do him 
honour. The students even altered the sacred words of the Gaudeamus: 


Vivat Academia! 

Vivat noster Donders! 

Lex te jubet ‘“‘decedas”, 

Nos invitus salutas 

Nondum moriturus. 
He was decorated by the King of the Netherlands and a medal was struck 
inhishonour. At the celebrations practically every university of the civilized 
world was represented; the Physiological and Ophthalmological Societies in 
Great Britain sent deputations, and the Royal Society was represented by 
Joseph Lister, Jonathan Hutchinson, and Hughlings Jackson. Typically, 
the large sum subscribed and presented to him was assigned by him to the 
universities of the Netherlands for the establishment of travelling fellowships 
in physiology and ophthalmology. 


“ 
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Loved and honoured by his contemporaries as few men ever had been, 
holding a unique and respected position among his fellow citizens and fellow 
countrymen, and happy in the design of a new scheme of research on the 
origins of art in man, as exemplified particularly in the life and work of 
Leonardo da Vinci, a long and happy evening seemed to be promised to his 
life. But while on a social visit to England in the autumn of 1888, he had 
a cerebral seizure, from which he recovered sufficiently to return home to 
die, suddenly like his father, on March 14, 1889. Less than a year after its 
two days of rejoicir:g, Utrecht went into mourning; but to-day, not only 
Utrecht but the whole world of ophthalmology rejoices in his memory. 
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CATARACT SURGERY* 


BY 
JOAQUIN BARRAQUER and JARN BOBERG-ANS 


From the Clinica Barraquer, Barcelona (Chief: Prof. Ignacio Barraquer) and the 
Finsen Institute, Eye Department (Chief: Dr. O. Blegvad) 


EXTRACTION of the opaque intra-ocular lens has always been a favourite and 
important eye operation. The dexterity and the instruments needed for the 
removal of the cataractous lens have attracted the interest of ophthal- 
mologists and have called forth a vast literature on the various methods of 
miraculously restoring the power of sight to the blind. 


Operating Chair.—One of the fundamental conditions for a successful operation 
is the dexterity and steadiness of the surgeon, and it is essential that his hands and 
forearms be supported while he works. 

The surgeon should be seated at the head of the operating table. He should 

sit comfortably, with a good back support, and his elbows and forearms should 
be supported by an arm rest, pane 
firmly fixed to the chair. 
This arm rest should be 
covered with a sterile cloth. 
The patient should be placed 
so that his eye is in a 
convenient working position 
for the surgeon’s hands, and 
also within normal working 
distance from the surgeon’s 
eyes. The surgeon should 
not have to bend his head or 
neck awkwardly in order to 
see well. 

At the Barraquer Clinic, a 
special chair is used, with 
arm and back rests formed 
in one piece. Below this is 
another support for the 
assistant’s arm, should it be 
necessary for him to cross 
the arm of the surgeon. The 
upper support is thus inter- 
posed between the arm of - 
the assistant and that of the Sotto 
surgeon and, in this way, 
the one is prevented from 
disturbing the other’s move- 
ments (Fig. 1a). 


Fic. 1a.—Barraquer operating chair, with arm rests for the 
surgeon and the assistants, all made in one piece. There are 
seats for both surgeon and assistants, and a foot rest which 
includes spaces to receive the wheels of the stretcher-table. 





* Received for publication November 5, 1957. 
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An operating chair which conforms with these requirements, but with some 
modifications and without an arm restfor the assistant is used at the Finsen 
Institute* (Fig. 15). 


Operating Table.—This 
should be constructed with 
an adjustable head rest, so 
that the patient’s head can 
be placed above the knees 
of the surgeon and kept quite 
still. A mechanically adjust- 
~ able head rest, which sup- 

, Ports and stabilizes the head, 

_ is in use at the Finsen Insti- 

tute. 





Lighting.—This should be 
uniform and not too strong, 
so that the patient can be 
kept as quiet and calm as 
possible. The light in the 
operating field should be 
strong enough to show up 
the smallest details but not 
so strong as to annoy the 
patient or dazzle his other 
eye. 

An ordinary operating 
lamp gives a very strong 
light with a rather large field 
covering the face of the 
patient. Barraquer, there- 
fore, uses a headlamp with 
a yellow bulb. A headband 


Fic. 1b.—Boberg-Ans operating chair with arm rests which . : 

are adjustable in height, projection, and angle. It is conve- Calrees horizontally placed 
nient that the support for the arm working from the nasal reflector under which the 
side should be higher, project further forward, and turn bylb is held shaded against 


ae the surgeon’s eyes (Fig. 2a, 
opposite). 
A similar lamp (Castanera) has been found completely satisfactory at the 
Finsen Eye Department (Fig. 2b, opposite). 
The lamp may be worn for several hours without fatigue and may become quite 
warm without discomfort to patient orsurgeon. It permits the wearing of glasses 
or of a loupe and presents no obstacle to the use of an operating microscope. 





* Kevi A/S, Copenhagen. 
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Fic. 2a.—Barraquer headlamp (Drapier, Paris). Fic. 26.—Castanera 


headlamp (Casa del Med- 
ico, Barcelona). 
Anaesthesia 


The state of the patient during the operation is of the greatest importance. It 
is usually necessary to have some sort of sedation before the operation, but total 
anaesthesia entails inevitable moments of danger through uncontrolled movements 
of the patient, and the essential tranquillity and quietness can be achieved by 
other less risky means (Barraquer, 1954; Atkinson, 1955). 

The Barraquer Clinic advocates a sedation starting the evening before the 
operation, supplemented on the morning of the operation, and enhanced just 
before the operation with pethidine and curare. Local anaesthesia of the cornea 
is further obtained with 2 per cent. tetracaine solution and 4 per cent. cocaine 
solution instilled into the eyes. 

Curare gives a general relaxation acting first on the peri-ocular muscles, and 
causing a decrease of venous tension and depletion of the orbital veins. If the 
anterior chamber of the eye is opened in a non-curarized patient, the lens will 
move a little forward and the pupil will contract a little. If, however, the patient 
has received curare the lens will move backwards, leaving a slightly dilated pupil 
and an unsupported iris (Fig. 3). This effect does not occur even with a perfect 
retrobulbar anaesthesia with hyaluronidase added to the anaesthetic solution. 


AX FS 43 


I 2 r. 4 


Fic. 3.—Anterior chamber: (1) Before operation; (2) Opened in a non-curarized patient; 
(3) Opened in a curarized patient, showing dilation of pupil and retraction of lens. 
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At the Finsen Institute, Dr. E. Nandrup of the Department of Anaesthetics 
(Head: Dr. H. Ruben) has supervised the sedation and anaesthesia for our cases. 

In the majority of our Danish patients at the Finsen Institute we have not rein- 
forced the sedation with curare, but have used phenergan, barbiturates, chlor- 
promazine, and pethidine, with immediate pre-operative akinesia of the lids and 
local and retrobulbar anaesthesia. 

Local anaesthesia of the cornea and conjunctiva with drops of 1 per cent. 
tetracaine solution is supplemented by a percutaneous retrobulbar injection of 
15 ml. of a 2 per cent, xylocain-adrenalin solution, with hyaluronidase 2-5 VRE 
per ml. and a local anaesthesia of the conjunctiva at the superior rectus muscle. 
Akinesia (O’Brien, modified by Atkinson), with 2 ml. of the anaesthetic solution 
in front of the ear, gives the patient a painless operation with no untoward effects. 
Atkinson, basing his findings on a very wide series of inquiries, emphasizes that in 
cases of intra-capsular surgery, no movement of the patient, intentional or other- 
wise, must be allowed to endanger the result of the operation. 

In operations by the extra-capsular method, it may be safe to operate without seda- 
tion, as has been done for many years, and is stil] practised by many eye surgeons. 


Operative Technique 

At the Barraquer Clinic, the assistant holds the fid-retractors during the opera- 
tion, making it possible to alter the width of the aperture. At the Finsen Institute, 
a modified Arruga blepharostatt with a pin for fixing the suture of the rectus 
superior is used, and the eye is kept in a slightly downward-looking position. In 


this new eyelid-holder a ring-screw is substituted for the usual nasal screw. The 
branch for the lower lid consists of a hollow tube with perforations in the part 


which rests in the lower fornix. Suction drainage secures the evacuation of fluid 
from the conjunctival sac during the operation, thus diminishing the risk of infec- 


tion and preventing blood from being sucked into the anterior chamber (Fig. 4). 


Fic. 4.—Modified Arruga blepharostat. 


The eye is further fixed with a fixation forceps, ‘preferably the Barraquer- 


Lloberas forceps (Fig. 5, opposite). 


The incision is made with a von Graefe knife and a section of 180° is made. , 
A conjunctival flap is made upwards, the size being of little importance so long 


+ Simonsen and Weel, Copenhagen. 
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Fic. 5.—Barraquer-Lloberas fixation for- Fic. 6.—Corneo-scleral sutures 
ceps. They have a firm grip and do not with “virgin silk””. The 12 o’clock 
damage the conjunctiva, suture is put in before the lens 


extraction. Three sutures may 
suffice, but five or seven are better. 


as the flap is able to cover the corneo-scleral stitches, which are put in at 12, 
10.30, and 1.30 o’clock, The two latter sutures are frequently put in after the 
lens has been removed (Fig. 6), and five or even seven sutures may be needed. 
The 12 o’clock suture is placed first. The needle is inserted first in the cornea at 
the edge of the wound, and it emerges in the cut just in the middle of the cut edge. 
It is then passed into the scleral area, care being taken to place the needle at the 
same level in the scleral lip as in the corneal lip of the wound (Fig. 7). 


FiG, 7,—Siting of sub-conjunctival corneo-scleral sutures, showing how the needle must 
_pierce the lips of the wound in the middle so that they can be accurately apposed. 


Magnification is here indispensable. The loop of the thread is drawn out 
between the lips of the wound to make room for the later passage of the lens. 
The corneal flap is lifted by the assistant and a very small iridotomy is done at 
12 o'clock. This iridotomy may be double, each cut being sited between the 
sutures, i.e. at 11 o’clock and at 1 o’clock. 

A mohair brush, sterilized by boiling for at least 15 minutes, is used to dry or 
suck up fluid from the wound. The brush is excellent for drying away clots 
either from the wound itself or from the anterior chamber, and it will cause no 
damage to any of the structures. When the brush is dried in a piece of cloth it 
is surprising to see how much fluid it has sucked up. It is useful in spreading 


out the conjunctival flap, ré-positioning the iris, and widening the pupil. When 
the pupil is sufficiently large, the erisophake is introduced. 


Erisophake.—The idea of Stoever (1902) and Hulen (1910) was perfected and 
popularized by Barraquer (1917), who made a special cup and suction apparatus 


for the extraction of the cataract. The construction of the cup is of importance 
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to the success of the procedure (Fig. 8); it should be rather deep and the suction 
pipe should be placed at the edge of the cup, some way down a groove in the 
interior of the cup. This prevents the hole being blocked by the lens when it is 
sucked violently into the erisophake. With faulty construction the cup may take 
a firm grip of the lens in situ, but the loosened lens may block the suction pipe, 
with the result that the capsule ruptures or the erisophake slips off. The edge 
of the erisophake and the ring-shaped surface meant for contact with the lens 
capsule should be very even and should be shaped to fit the anterior capsule of 


the lens. 


Fic. 8.—(1) and (2). Other types of erisophake cup. 
G) Barraquer erisophake cup, showing how the “collar” prevents blockage of the 
suction tube. The anterior lens capsule is sucked into the cup in a mushroom shape, 


which not only gives a firmer grip but als6 prevents any sliding on the surface. The 
“‘collar’’ must be free from sharp edges or points which might rupture the capsule. 

Villaseca (1956) has shown that the Barraquer model has the firmest grip and 
will hold the heaviest weight. The “collar” prevents blockage of the vacuum 
tube, and the lens is sucked into the cup in a mushroom-like shape which will not 
slide about. The vacuum may be created by a pneumatic pump or by arubber 
balloon. The latter is less reliable and the suction created may vary from 70 to 
450 mm. Hg. A mechanical pneumatic pump will be able to create a vacuum of 
up to 600 mm. Hg and the Barraquer Clinic recommends a vacuum of 400 to 
500 mm. Hg. 

At the Finsen Institute, a Reciprotor pump and a vacuum flask have been 
found very satisfactory, and a vacuum of 350 to 400 mm. Hg is used. The vacuum 
pump requires a valve controlled either by hand on the handle of the erisophake 
or by a foot pedal.* This valve controls the vacuum in the erisophake, and 
allows the immediate suspension of the vacuum in the cup, should this become 


necessary in an emergency (Fig. 9). 


Fic. 9.—The Barraquer erisophake (A) and the Boberg-Ans 
handle with valve (B). Pressure on the valve interrupts the 
vacuum in the erisophake cup. A slight rotation of the 
handle. between the fingers tumbles the lens. 





* Simonsen and Weel, Copenhagen. 
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Sutures.—The needles for the sutures should be very fine: 5, 7, and 10 mm. 
(Vogt-Barraquer No. 81 Grieshaber; Castroviejo No. 82 Grieshaber), or 4 mm. 
in length with a more pronounced curve (Barraquer No. 83 Grieshaber). These 
very fine needles are best handled with a special needle-holder without a catch but 
with rounded handles permitting the insertion of the needles by finely controlled 
finger movements. 

The needle is slightly curved and its concave side should be flat, with the cut- 
ting edge on the convex side. The eye of the needle is grooved on each side, 
thus preventing the thread from adding to the thickness of the needle. The thread 
is of very fine “‘virgin silk’? (i.e. silk-worm gut filament of 1—2/2000 of an inch in 
its natural state: Malbran, 1957). These are made by Ibaiiez, Barcelona, to the 
requirements of the Barraquer Clinic. The silk is dyed with a 2 per cent. solution 
of methylene-t!ue and the colour disappears soon after the insertion of the thread 


into the tissues. The threads do not cause any reaction whatsoever and may be 


left indefinitely. 


Extraction of the Lens.—The cornea is lifted straight up by the assistant (as is 
also recommended by Kirby, 1955) in order to facilitate the sideways introduction 
of the erisophake, without injuring the corneal endothelium. It is better to lift 
the cornea fairly high so that it is not harmed by being bent over (Kirby, 1950). 
Striate keratitis is nearly always caused by direct injury to the posterior surface 
of the cornea. 

The erisophake is introduced through the pupil, and is applied to the front 
surface of the lens as far as possible towards the lower border. It is most impor- 
tant to avoid any kind of pressure. When the cup is in full contact with the 
anterior surface of the lens, the vacuum is applied, and the erisophake takes a 
firm grip on the lens, which is clearly felt. A little traction in the erisophake will 
now lift the lens slightly forward. This forward traction is very important as it 
prevents any pressure on the vitreous and tightens the zonular threads. A very 
careful rotary movement of the erisophake and a fine steadying touch without 
pressure with the Colibri forceps will now break the zonular threads.* By 
turning the erisophake and continuing the rotation, the lens is easily tumbled out 
(Fig. 10), much as a button passes through a buttonhole, and, as the forceps follow 
the movements, the wound is immediately closed. 


Fic. 10.—Tumbling the lens. 





* When a-chymotrypsin (Quimotrase, P.E.V.Y.A. Barcelona) for chemical zonulysis ype ay 1958) is used, the 
zonular threads do not offer any resistance and no counter-pressure is required. This makes the procedure safer. 
a-Chymotrypsin has also been used at the Finsen Eye Department with great success. 
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The iris is replaced by means of the brush and the sutures are tied... If the 
sutures at 10 o’clock and 2 o’clock have not been put in, they are now inserted. 
The conjunctival flap is brushed into place. It is lifted carefully and plasma is 
deposited on the raw surface, followed by thrombin, which makes the surfaces 
adhere firmly together. Sutures in the conjunctiva should then be unnecessary. 

Discussion 

The advantages of this operative method are manifold. The sedation, 
anaesthesia, and curarization secure a calm and quiet patient and a soft eye 
with very little risk of bleeding or vitreous loss. 

A clean corneal incision with a conjunctival flap helps in closing the 
wound more safely, and corneo-scleral sutures inserted immediately after 
the incision with the aid of magnification, should prevent the development 
of astigmatism. It is an advantage that the sutures are placed sub-con- 
junctivally and that their final removal is unnecessary. 

Capsular forceps take hold of a small part of the lens capsule only and 
may easily tear it when too much pull is exerted. When the forceps are 
applied it is necessary to press a little on the surface of the lens, which may 
cause dislocation of the lens into the vitreous, or give rise to a slight 
prolapse of the vitreous into the wound. This will never happen with the 
erisophake, which takes a firm, wide grip on the anterior lens capsule, and 
stretches the capsule over the posterior pole of the lens, pulling the zonular 
threads forward, and making it easier for these to be broken (Harrington, 
1951). The tumbling process makes it easier to get the cataractous lens 
through the pupil, even if this is not properly dilated. It is often unneces- 
sary to re-position the iris, which is very often left undisturbed. The firm 
grip of the erisophake on the anterior surface of the lens makes it easy to 
tear even rather strong zonules. This may theoretically cause a loosening 
of the attachment to the ora serrata, but if one is careful to break the 
zonule at 6 o’clock first and the rest of it when the lens is tumbled, 
to lift it straight up, and to slide the lens sideways through the side of the 
wound, at the same time closing the wound at 12 o’clock, little effort is 
required to break the zonule here. 

When the lens has been extracted, the anterior chamber is irrigated witha 
solution of acetylcholine, which contracts the pupil and prevents the vitreous 
from emerging. Physiological saline solution is used for further irrigation. 

When the eye is closed at the end of the operation, air is injected into the 
anterior chamber, thereby preventing the iris and the vitreous from coming 
into contact with the posterior surface of the cornea. 

Cortisone ointment applied at the end of the operation will shorten the 
period of post-operative corneal oedema and striate keratitis, and lessen or 
prevent ciliary inflammatory reaction. We have seen no ill-effects from 
cortisone on the healing processes, especially as the sutures remain in place. 

The patient is allowed to sit in a chair the same afternoon, and the first 
dressing is done on the second day and atropine given. If the patient is 
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old, he will be out of bed at least on the two following days, and he will be 
up and about on the fourth day. The bandage is usually removed on the 
fourth or fifth day and the eye is then covered by a protective shield only. 
He is discharged on the eighth or tenth day. 

Statistics show that the results achieved by Barraquer (1957) show re- 
markably few accidents. In 294 operations, vitreous loss occurred in only 
one case, and retinal detachment occurred in seven cases, but six of these 
were cured by lamellar resection. Long-standing post-operative keratitis 
occurred in one case only. In 34 cases the lens capsule ruptured, but in 
spite of this total extraction was obtained in eighteen of them. 

During 1956, 29 cataract cases at the Finsen Institute showed few accidents. 
Other types of erisophake slipped off the lens once or more in ten cases out 
of eleven, while the Barraquer erisophake slipped only once in fifteen cases. 

The development of post-operative keratitis probably depends on the 
delicacy of the handling of the cornea during the extraction. It is more 
difficult to be careful when the erisophake slips off and has to be re-inserted 
than when the grip is as firm as it is with the controlled vacuum of some 
350 mm. Hg. Curarization gives a deeper and more permanent anterior 
chamber when. this is opened during the operation. This is probably the 
reason for the more frequent occurrence of keratitis in the cases treated at 
Finsen Institute, where curare has not generally been used for cataract surgery. 

In all except four cases, the eventual astigmatism was less than 1 dioptre. 
In one case from the Finsen Institute retinal detachment followed 9 weeks 
after intracapsular extraction, and was cured by lamellar scleral resection 
of 180°; the eventual visual acuity was 6/12. 

Our experience at the Finsen Eye Department with pre-operative and 
operative sedation and with the controlled vacuum and special handle for 
the erisophake is in accordance with the statements of the Barraquer Clinic, 
that this method increases the safety and ease of the operation and leads to 
fewer post-operative complications. 
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THE EYE AND RELATED GLANDS OF THE RAT AND PIG 
IN PROTEIN DEFICIENCY* 


BY 


D. S. MCLARENT 
Human Nutrition Research Unit, National Institute for Medical Research, Mill Hill, London 


PROTEIN malnutrition has-been described (Brock and Autret, 1952) as “‘the 
most serious and widespread nutritional disorder known to medica! and 
nutritional science”. Dietary and other differences lead to variations on a 
basic theme in the descriptions of the condition from different parts of the 
world. Retardation of growth and development, apathy and peevishness, 
changes in texture and colour of the hair, a characteristic “‘crazy-pavement 
dermatosis”’, fatty infiltration of the liver, oedema, and changes in the serum 
proteins are some of the main and most constant features. 

The eye is not commonly described as being affected, and when it is, the 
changes are usually attributed to an accompanying vitamin deficiency, 
particularly of vitamin A (McLaren, 1958a). Little is known of the efiects of 
protein deficiency on the eye of experimental animals. Sydenstricker, Hall, 
Hock, and Pund (1946) described corneal vascularization in rats fed a protein- 
free diet from 50 days of age. The same group of workers showed that a 
deficiency of each of the essential amino acids may also cause corneal 
vascularization, and that, with the single exception of arginine, lenticular 
changes also occur (Hall, Bowles, Sydenstricker, and Schmidt, 1948). The 
sole observation in this field on the pig seems to be that of Cartwright, 
Wintrobe, Buschke, Follis, Suksta, and Humphreys (1945), in which some 
of the pigs fed diets primarily characterized by lack of tryptophan developed 
cataract. 

Recent work in this laboratory indicates that in some respects the pig is 
more suitable than the rat for the study of protein malnutrition (Knowles, 
1957). The present work comprises a study of the changes in the eye of 
both rats and pigs weaned on to diets low in protein. 


Methods 

Animals 

Rats.—These were. Wistar albino stock, reared in the Human Nutrition Research Unit 
colony, and known as Glaxo as they were originally obtained from Glaxo laboratories 
6 years ago. The rats were housed in wire cages suspended over trays of sawdust, and 
supplied with open food pots and with water bottles placed on the top of each cage. For 
experiments lasting a short time, the rats were kept in individual cages. In long-term 
studies they were kept segregated by sex, in numbers up to four in a large cage. Food 
and water were supplied ad libitum. 
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Pigs.—Animals from four litters were studied, being born from crosses between Wessex 
Saddleback sows and Wessex Saddleback, Large White, or Landrace boars. They were 
kept indoors, in trolley pens with a wire mesh floor. Usually not more than two pigs 
were kept in one pen. They were fed food and water ad libitum. 


Diets 


Rats.—Four low-protein diets were used. Their composition is shown in Table I, 
together with the approximate percentage of protein supplied by each. All animals 
received an oral supplement of the fat-soluble vitamins weekly. The B vitamins were 
provided by yeast in the case of Diets 1 and 2 and by oral supplements to animals fed 
Diet 3. Rats fed the brown cassava diet (Diet 4) did not receive the B vitamin supple- 
ment. Animals were weaned on to the diets at 21 days of age, except in the case of the 
non-protein diet, Diet 3, when they were fed diets containing varying levels of prctein 
until 50 days of age. 


TABLE I 
COMPOSITION OF LOW PROTEIN DIETS FED TO RATS 








Maize Starc 
Constituent Azatie a 

(per cent.) | Sait Mixture 
Yeast .. nA 
Brown Cassava .. 








Approximate per cent. Protein .. 

















Diet 1.—On this diet the growth of rats was retarded but steady, and they reached 
about half of the normal adult body weight. They have been followed for over 2 years, 
during which time they have been active and apparently healthy. About 10 g. diet per 
day were consumed by each rat. This diet was very low in fat and the yeast supplied 
less of the B vitamins than is recommended for normal rats. However, supplementing 
with B vitamins failed to increase the rate of growth, and the amounts supplied would 
seem to be adequate for these rats consuming only 4 per cent. protein in the diet. The 
males were infertile, but in the case of a single female a litter ‘with eye defects was ob- 
tained from a mating with a stock male. These changes have been reported elsewhere 
(McLaren, 1957). 


Drt 2.—This was identical to Diet 1, except that arachin, a protein from groundnut, 
replaced casein. Rats have been kept for 8 months on this diet up to the present time. 
They achieve only about one-third or one-quarter of the body weight of controls, but 
appear active and generally healthy. They are quite infertile. 

Diet 3.—This diet was devoid of protein and rats steadily lost weight on it, though 
even so they survived for.a varying number of weeks, and those which had previously 
been fed the best diet lived for nearly 3 months. 

Dirt 4.—Rats fed this diet tended to lose weight slowly and to die after a varying 
number of weeks. The length of survival seemed to depend in part upon the weaning 
weight, being longest in those with the highest weaning weights. 
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With the exception of Diet 3, these diets simulated to some extent diets low in protein 
which are commonly consumed by certain malnourished human communities. Like 
these diets too, they were also low in fat and the B vitamins. 

Pigs.—Control animals were fed Amvilac (Glaxo) No. 1 from weaning, followed by 
Amvilac No. 2. In both these diets the level of protein was over 20 per cent., and 
the main source of protein was milk powder in the first and fishmeal in the second. 

The low protein diet had the following composition: 


Ingredient Percentage 
Whole wheat .. Ne ae 4 30 
Haricot beans .. a re r% 2 
Maize starch... 3° a ‘3 61 
Lucerne leafmeal 37 pe ts 2 
Salt mixture is is "ia toy 3 
Arachis oil (plus vit. D 50 i.u./g.) .. 2 


An analysis showed that this supplied adequate amounts of the main B complex vitamins. 
The protein content was about 4:5 per cent. Pigs fed this diet grew very sJowly and 
frequently died after about 4 or 6 months, showing many of the signs already mentioned 
as characterizing human protein malnutrition. Those which survived more than one 
year showed interesting changes in the eyes which are referred to later. 

‘ 


Results 


Rats.—The eyes of rats on the stock and experimental diets were examined 
with the naked eye and the ophthalmoscope at regular intervals. Examina- 
tion with the slit-lamp microscope was also undertaken at weekly intervals 


or more frequently when changes were occurring. Immediately after death 
the eyes and pieces of the Harderian and lacrimal glands were taken for 


histological and histochemical examination. 


Diet 1.—Forty rats were kept on this diet from weaning for periods 
varying up to over 2 years. 25 rats from the same litters were kept as 
controls on stock diet. All the rats were more than one year old. By all 
the methods of examination mentioned above no abnormalities were detected 
in any of these rats in any part of the eye or in the associated glands. How- 
ever, it has been shown in this laboratory, and reported elsewhere (Platt, 
McLaren, and Bagchi, 1957), that animals on this diet have a reduced 


concentration of sulphydryl groups in the lens. 


Diet 2.—Fourteen rats were fed this diet from weaning. Without excep- 
tion these animals developed vascularization of the cornea of both eyes 
within one month of starting to consume the diet. Within 2 or 3 weeks 
the vessels had extended to reach almost to the centre of the cornea. They 
were situated sub-epithelially and were surrounded by an elliptical area of 
haziness. On histological examination the basal cells in the neighbourhood 
of the invading capillaries were seen to be swollen, and this may have been 
responsible for the haziness. This change was even more marked in rats 
fed Diet 4, as will be described later. 
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It will be recalled that the only difference between Diets 1 and 2 was that 
the former contained casein while the latter contained arachin. The amount 
. of sulphur-containing amino acids supplied by Diet 1 was only about one- 
tenth of that in the stock diet, Diet 41B (Bruce and Parkes, 1956), but the 
amount in Diet 2 was even less, only about one-twentieth of that in Diet 41B. 
This difference was thought to be the determining factor in the different 
response on the two diets. This was supported by the fact that vasculariza- 
tion could be prevented by supplementing Diet 2 with dl-methionine, and 
could be reversed by the same means once it had developed. 

Changes were not found in any other parts of the eye or in the glands. 


Diet 3.—On this protein-free diet rats developed marked changes in 
cornea, conjunctiva, and Harderian and lacrimal glands. The occurrence 
of corneal vascularization previously reported in rats on a protein-free diet 
was confirmed. A small experiment was designed to show whether the 
initial level of protein in the diet affected the time of onset of vascularization. 
A litter of six rats was divided into three pairs, one male and one female in 
each. Each pair was weaned when 21 days old on to a different diet, the 
only difference being that the respective levels of protein were 4, 11, and 
18 per cent., the diets being adequate in all other respects. When 50 days 
of age all the rats were fed Diet 3. One rat in each pair developed corneal 
vascularization, and one rat died without showing it. Table II shows that 
vascularization appeared, in the three rats which showed it, earliest in the 
one which had been on the lowest level of protein, next in that on the inter- 
mediate diet, and last in that on the best diet. The periods for which the 
other three rats survived without showing vascularization are in the same 
order. It would seem then that, under the conditions of the experiment, 
when the animals were taking in no protein after the 50th day, the onset of 
vascularization was an indication that a certain stage of depletion of body 


TABLE II 
RESULTS OF EXPERIMENT USING DIET 3 





Day of Onset Day of Death 
f if No 


Initial Diet 


Animal No. . oO 
(Per cent. Protein) Vascularization Vascularization 





138 as 
18 





99 





65 
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protein had been reached. The animals which had the larger stores to 
start with took longer to reach this state. os 

The vascularization was indistinguishable from that described already in 
rats fed Diet 2. In addition, in the later stages of the process in rats fed 
Diet 3, the epithelium had a “‘snowstorm” appearance on slit-lamp examina- 
tion, similar to that seen in vitamin A deficiency. Fig. 1 shows two sub- 
epithelial vessels in section and the changes in the epithelium. These consist 
of a thinning of the layers, with marked loss of cytoplasm and degeneration 
of the nuclei of the deeper layers, and keratinization of superficial cells 
(cf. Fig. 2, which shows normal rat cornea, but note the difference in 


magnification). 


Fic. 1.—Epithelium and superficial stroma Fic. 2.—Normal rat cornea. Haematoxylin 
of cornea ina rat fed Diet3. Haematoxylin andeosin. x 500. 
and eosin. x 1200. 

In the terminal stages, rats fed this diet had marked chemosis with sticking 
together of the'lids. There was no porphyrin incrustation of the lids. The 
conjunctiva showed changes similar to those described in the cornea. With 
the periodic acid-Schiff method (P.A.S.) goblet cells were no longer visible, 
and a thin layer of P.A.S.-positive materia) was spread along the epithelial 


surface. 


Very marked changes were seen in the glands, especially in the Harderian 
gland. These consisted of atrophy of the whole gland, early infiltration 


with round cells, and shrinking down of the cytoplasm of the acinar cells. 

Only in the Harderian gland were the acini filled with granular debris and 

actual degeneration of the acinar cells was seen (Fig. 3, opposite). The 

normal rat Harderian gland is shown in Fig. 4 (opposite) for comparison. 
The rest of the eye showed no changes. 
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Fic. 3.—Harderian gland of a rat fed Diet Fic. 4.—Normal rat Harderian gland. 

3. Haematoxylin and eosin. 500 Haematoxylin and eosin. 500 

Diet 4.—In all, 73 rats were fed this diet. In the terminal stages, chemosis, 
with incrustation of the lids with porphyrin secretion, was seen in many of 
the animals. Under the slit lamp the secretion appeared fatty and was seen 
to be partly yellowish and partly brownish. The latter was presumably 
from the Harderian gland and gave a brick-red fluorescence in ultra-violet 
light. At about the same time vascularization of the cornea developed with 
a general haziness similar to that already described in rats fed Diet 3. 
Fig. 5, showing the typical appearance of the cornea of rats on this diet. 
should be compared with Fig. 2. The corneal epithelium consists of only 
two or three layers, instead of the usual five or six. This seems to be due 
to an arrest in the division of the basal cell layer, for, unlike the appearance 
in vitamin A deficiency, these cells are markedly abnormal. They appear 
to be blown up, with large bladder-like areas of cytoplasm, and the nuclei 
are dense and pyknotic. The basal cells appear to be oedematous rather 
than merely empty; they closely resemble thé appearances seen in the con- 
dition known as bullous keratitis in man, and also seen in the corneae of 
rats which have been cauterized. 


Fic. 5.—Abnormal appearance of corneal epithelium of a 
rat fed Diet 4. Haematoxylin and cosin. ~<500 
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Glandular changes were less marked (Fig. 6) than those described in rats 


fed Diet 3, and the lacrimal was less affected than the Harderian gland. 
Changes were not seen in other parts of the eye. Diet 4 supplied a very 


little amount of the:B.cdmplex vitamins and this deficiency may have played 
a part. 



















F 
tc 
Fic. 6.—Harderian gland of a rat fed Diet 4, Haematoxylin and eosin. 500. 
Pigs.—Fourteen pigs were examined with the naked eye and with the 
ophthalmoscope. Most of these were less than one year old, and in these 
no changes were seen in vivo or histologically. 
In the two pigs which lived for more than one year striking changes 
occurred, and these will be described in detail. The part of the eye showing 
the most marked change was the lens. In each of these two pigs bilateral 
cataract developed (Figs 7 and 8). cl 
*: | fo 
ce 
in 
ty 
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ra 
WI 
Be Se faa i pa 
Fic. 7.—Eye of pig 4/1. Fic. 8.—Eye of pig 3/1. 
The earliest changes. consisted of a swelling of the lens fibres in the 
region of the equator, with separation of the fibres by vacuoles of varying an 
size. This process gradually extended until all the fibres were involved. Di 





Fig. 9 (opposite), showing the histological appearance, should be compared th: 
with Fig. 10 (opposite) from a control pig. 
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Fic. 9.—Lens of pig 4/1. Haema- 


toxylin and eosin. x 125. 





Fic. 10.—Lens of. control pig 
8/41. Haematoxylin and eosin. 


x 125. 





Complete degeneration of fibres resulted in the filling up of interfibrillar 
clefts with amorphous debris, Near the equator the fibres were affected in 
a characteristic manner, previously described by other svorkers, in various 
forms of injury to the lens, as “hydropic cells”, “‘bladder cells”, “bubble 
cells”, etc. These are clearly shown in Fig. 9. The presence of a nucleus 
in some of the cells and of a double line in the common boundary between 
two cells showed that these were hydropic cells, and not merely inter- 
fibrillar accumulations of fluid. 

The Harderian gland had a similar histological appearance to that of 
rats fed Diets 3 and 4 (Fig. 11, overleaf). This.should be compared 
with Fig. 12 (overleaf) from a control pig. The cornea, retina, and other 
parts of the eye appeared normal. 


Discussion 
Elsewhere (McLaren, 1958b), the effects of low protein diets on the growth 
and water content of the eyeball of the rat have been discussed. Even on 


Diet 4 the eyeball continued to grow at about 75 per cent. of the rate of 


that of the age control and the water content was not materially affected. 
The failure to find clinical or histological changes over a period of 2 years 
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Fic. 11.—Harderian gland of 
pig 3/1. Haematoxylin and 
eosin. x500 


Fic. 12.—Harderian gland of 
control pig. Haematoxylin and 
eosin. 500. 


in the eyes of rats fed Diet 1, supplying only about 4 per cent. protein, also 
indicates the resistance of the eye to protein deficiency. 

The importance of the sulphur-containing amino acids for the cornea is 
demonstrated by the invariable occurrence of vascularization when these 
were very low, as in Diet 2. Very few analyses have been done of the amino 
acid composition of human dietaries, but the little evidence that there is 
would seem to suggest that methionine is the limiting amino acid. Ground- 
nut and cassava are important dietary constituents in areas where there is 
much protein malnutrition, and these results may have significance in human 
eye disease. 

The lesions described in the lacrimal and Harderian glands of rats and 
pigs are similar to those found in the pancreas in rats fed tropical dietaries 
in this laboratory (Balfour, 1954). They also closely resemble those seen 
in the pancreas, salivary, and lacrimal glands of children dying of protein 
malnutrition in Uganda (Trowell, Davies, and Dean, 1954). 

The differences which occur between species are demonstrated by the 
greater apparent susceptibility to damage of the lens of the pig as compared 
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with that of the rat on the one hand, and the number of corneal changes in 
the rat and absence of these in the pig on the other. In view of these differ- 
ences between these two species it is quite impossible to draw any detailed 
conclusions with regard to the lesions that might be caused in the human 
eye by protein malnutrition. Furthermore, the diets used in these experi- 
ments were much poorer in protein than human diets are ever likely to be 
for any length of time. In these studies other factors, such as accompanying 
vitamin deficiency and trauma, were not thought to play a significant part, 
but in man dietary deficiencies are always multiple and injury and infection 
are frequent accompaniments. 

This work should serve to discourage the claims, made on the basis of 
the results of animal experiments, that certain eye conditions of obscure 
aetiology occurring in malnourished communities are due to protein 
deficiency. Very careful studies in man will have to be done before this 
question can be answered. 


Summary 
It has been suggested that certain eye conditions of obscure aetiology, 
which occur in malnourished communities, may be due to protein deficiency. 
A study of the eyes of rats fed various diets very low in protein showed that 
changes developed in the cornea and the associated glands. In the protein- 
deficient pig cataractous changes occurred in the lens and the Harderian 
gland became atrophied. In view of the difference between the response to 


protein deficiency of the eyes of these two species, caution is urged in drawing 
conclusions regarding the effects of protein malnutrition of the eye in man. 


This work was undertaken whilst the writer was a Colonial Medical Research Student and 
formed part of a thesis submitted in partial fulfilment of the requirements for the degree of Ph.D., 
University of London. The writer wishes to acknowledge the constant help and interest of the 
Director of the Human Nutrition Research Unit, Medical Research Council, Professor B. S. 
Platt, C.M.G. 
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ENTROPION IN HONG KONG* 


BY 


JOHN CHIAO-NAN CHANG 
Hong Kong 


TRACHOMA persists as a major scourge in the causation of blindness in the 
Far East. Of its many complications and sequelae, entropion is undoubtedly 
the commonest. Apart from the cataract operation, which restores sight, 
an entropion operation is perhaps the most gratifying in the field of 
ophthalmology. 

The following is a report on 1,252 cases of entropion seen in the Ophthal- 
mic Department, Kowloon Hospital, and the Violet Peel Eye Centre, Hong 
Kong, from December 1, 1955, to October 25, 1956, and from September 1, 
1954, to December 31, 1955, respectively. Utilizing the great number of 
cases encountered, an attempt has been made to compile some statistics 
which may prove of interest. 


Incidence 


Among the total number of 2,639 minor operations performed in the two 
hospitals, 543 at the Violet Peel Eye Centre (Fig. 1A) and 709 at the Kowloon 
Hospital (Fig. 1B), 1,252 (Fig. 1c) were necessitated by entropion. This 
includes a small number of epiblepharons and spastic entropions which are 
reported together because the corrective procedures are similar. 


Locality.—It is interesting to mention that trachoma is most endemic in 
Yuen Long, a rural town which is infested with flies. 


Sex.—Of the 1,252 cases of varying degrees of entropion operated upon, 
967 cases (77-2 per cent.) were female and 285 cases (22-8 per cent. were male), 
a ratio of 3-4 to 1 (Fig. 1). 


Age.—Fig. 1 (opposite), also shows the frequency in successive decades of life. 
Entropion was seen most often in the fifth decade, and the following points 
may be noted: 

(1) There is practically no trachomatous entropion in the first decade of 
life. The patients shown in this column were cases of epiblepharon. 





* Received for publication October 29, 1957. 
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Fic. 1 (A).—Entropion cases in Violet Peel Hospital, September 1, 1954, to December, 31, 1955. 
(B).—Entropion cases in Kowloon Hospital, December 1, 1955, to October 25, 1956. 
(c).—Total entropion cases reviewed. 


(2) The 28 cases of spastic entropion which were included occurred chiefly 
in females over 50 years of age. 

(3) The curve shows a steady rise starting at age 21, reaches its peak at 
41 to 50, and declines slowly after age 60. 


The high incidence of entropion in the oldest age group suggests that 
entropion will persist unless corrected surgically. 

There were three patients aged 10 with trachomatous entropion, two boys 
and one girl. Another girl aged 7, had some trichiasis associated with 
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trachoma. At the other end of the scale were two women aged 82, one of 
whom had bilateral cataracts also. 

The fact that trachomatous entropion is so rare below the age of 10 years 
suggests the condition develops very slowly. 

In the first decade, there were fifteen female patients and fifteen males, 
nearly all with epiblepharon. As age advanced, there was a steady increase 
of females over males, 3:1 in the second decade, 4:1 in the third, 6:1 in the 
fifth, and 9:1 in the sixth decade and above. The last two age groups 
included 28 cases of spastic entropion. 


Pathology 


There are two main processes at work in trachoma; inflammation and 
cicatrization. The first process of inflammation, or infiltration, is seen in a 
primary epithelial lesion of the conjunctiva and cornea, with papillary 
hypertrophy and secondary infection of the subepithelial tissues, resulting 
in follicular hypertrophy. Infection or infiltration of the upper tarsus occurs 
chiefly near its lower margin along the line where the blood vessels of the 
marginal arcade perforate the tarsus from in front to reach the conjunctiva. 
The tarsal glands are invariably affected. Strangulation by dense infiltration 
of round cells and mast cells and later by fibroblasts from adventitia of blood 
vessels results in atrophy and degeneration of the acini. Cicatrization of the 
conjunctiva and the tarsal plate results in entropion. 

The development of an entropion depends on distortion of tarsus and 
contraction of the conjunctiva. The tarsus may contract vertically, resulting 
in lagophthalmos or coloboma of the lids as well as entropion, or sideways, 
causing a bowl- or boat-like bulge. The contraction of the conjunctiva 
acts like a bowstring on the softened tarsus. When both are in the process 
of cicatrization, much deformation occurs, especially at the region of the 
sulcus subtarsalis, and this also causes the disappearance of the fornices. 

As an entropion forms the posterior border of the lid margin flattens or 
disappears. Normally, the posterior border should be sharp, so that the 
intermarginal strip and the conjunctival surface are at right angles. In 
early entropion, the posterior border becomes rounded by infiltration or 
flattened by cicatrization, and the base of the eyelashes is not supported but 
comes into contact with the globe. At first, this disappearance or flattening 
occurs only in one portion of the lid margin. Trichiasis may be seen directly 
above the area where the posterior border is “‘rounded-off’’; this type of 
trichiasis differs from that caused by congenital malposition of the root of the 
lashes, because in the latter the posterior border is normal. 

In time the whole posterior border becomes “‘rounded-off”’ and the whole 
lid margin turns in. This is followed by the disappearance or obliteration of 
the fornices, irritation and spasm of the orbicularis, lagophthalmos, and 
finally total atrophy of the tarsal plate if the entropion is left untreated. 
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Eversion of the upper eyelid can then be effected by resting one thumb on 
the upper lid and pulling it gently towards the eyebrow. 


Grading of Entropion 
For convenience in selecting the particular operation indicated in each 
case, the following classification has been worked out. 


Grade I. Intorsion of part of the eyelashes without hypertrophy of the tarsal 
plate. 

Grade II. Intorsion of the whole of the eyelashes without hypertrophy of the 
tarsal plate. 

Grade III. As Grade II but with hypertrophy of the tarsal plate. 

Grade IV. As Grade III but with general contraction of the conjunctival sac 
with or without spasm of the orbicularis or lagophthalmos. At this 
stage, the tarsal plate may have become entirely atrophied. 


The four grades are shown in Fig. 2 (overleaf). Grades II and III differ 
in that in the former the process of infiltration has destroyed the acini before 
“strangulation” takes place, while in the latter the rapidly invading infiltra- 
tion and cicatrization blocked the ducts before the acini have been destroyed, 
so that retention cysts occur. This, combined with degenerated epithelial 
down-growths, gives the appearance of bleb-like excrescences on the con- 
junctiva, which burst on pressure. In Grade IV, the conjunctival fornices 
are greatly reduced in size. 

Operation 

Division of Intermarginal Strip.—In view of the vast number of cases which 
require surgical correction, it is necessary and practical to use a method 
which is simple, time-saving, and yet effective. The following is easy to 
perform, produces hardly any bleeding (requires only one piece of gauze for 
dabbing), aid can be performed single-handed without assistance. Further- 
move, it creates an artificial upper palpebral furrow which serves a cosmetic 
purpose, especially in some Chinese females who do not have one. However, 
there is one requirement: the intermarginal strip must be discernible. 

(1) After local anaesthesia with 1 ml. 2 per cent. Novocain with adrenaline, 
the lid is everted with the fingers and three to five double-armed sutures 
(black silk or cotton) are inserted from the upper border of the tarsus on the 
conjunctival surface, to appear in the skin surface about 2 mm. from the 
lid margin (Fig. 3A, overleaf). 

(2) The sutures are held together and a spatula is inserted, thus keeping 
the eyelid everted (Fig. 3B, overleaf). 

(3) An incision is made along the grey line about 2 to.3 mm. deep, through 
either half or the whole of the extent of the eyelid, depending on the location 
of the trichiasis (Fig. 3B). 

(4) The sutures are tied on a thicker thread placed parallel to the lid 
margin, and the operation is completed (Fig. 3C, overleaf). 
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Fic. 2.—Diagrams of normal eyelid and four grades of entropion. 


As the exits of the sutures are nearer to the lid margin than their 
entrances, tying them causes the incised wound to gape and remain open. 
When the stitches are removed on the eleventh day, this gap is filled with 

_well-epithelialized granulation tissue. The intermarginal strip is found to 
be broader than before and the irritating eyelashes are again “supported” 
away from the globe. The operation can be completed within five minutes. 
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Fic. 3.—Stages in operation for division of intermarginal strip. 


: Follow-up 


The follow-up of these patients is deplorably neglected. Most of them 
live in the suburbs or distant islands, and once relieved do not care to come 
again unless for operation on the other eye. An attempt was made to re- 
trieve them (through the mail by the Lady Almoner) but owing to the ex- 
tremely poor response the effort was abandoned. Another reason for the 
paucity of follow-up is that cases are discarded if the records are incomplete 
or if the patients are seen within one month. 


Results 


(1) Modified Green Method.—124 cases of different grades were followed for 
periods varying from 2 to 22 months. Of these, 104 cases were successful, includ- 
ing 22 cases followed for more than a year, and forty cases for upwards of 6 months. 
The period of observation of the twenty unsuccessful cases varied from 2 to 13 
months: seven developed. granulation tissue at the incised wound on the con- 
junctival surface, which had the appearance of a ruptured chalazion (none of these 
recurred after being snipped off by scissors), five resulted in a disfigured tarsus 
which had to be corrected by tarsectomy, seven had residual trichiasis, at either the 
external or the internal canthus, and one was overcorrected. 
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(2) Hotz Operation—97 cases of different grades were followed up for from 
2to 17 months. Seventy-eight cases were successful, of which seven were observed 
for over a year and eight for upwards of 6 months. The remaining nineteen cases 
were not successful; fourteen had residual trichiasis, most of them at the external 
canthus, one gave a lobulated appearance of the lid margin, three cases developed 
hypertrophic tarsitis, and one was overcorrected. 

(3) Division of Intermarginal Strip —44 cases were followed up for from | to 
9 months. Among them, 38 cases were successful, of which seven were followed 
for over 6 months. In this group of successful cases, four had been operated on 
by the “partial ” method (i.e. the incisions were made directly ““beneath” the area 
of trichiasis, not extending along the whole length of the lid). Of the six unsuccess- 
ful cases (in which the follow-up ranged from 1 to 4 months), four had residual 
trichiasis (which suggested that a more “‘radical” operation was necessary), one 
showed a tendency to re-invert, and in one (after a “‘partial” operation) the stitches 
somehow sloughed off at first dressing on the fourth day. 

(4) Modified Hotz Operation (Anterior Tarsectomy).—One case was followed for 
34 months and another for one month, both of them being successful; a third case, 
however, has a tendency to re-invert. 

(5) Skin and Muscle Operation.—Six cases of simple spastic entropion followed 
for from 1 to 3 months were successful, and one was over-corrected. Six cases of 
spastic entropion complicated by trachomatous cicatrization were all unsuccessful, 
because this operation does not tackle the tarsus and conjunctiva. which were 
both diseased. 

(6) Stallard’s Operation—Five cases were followed up from 1} to 4 months. 
Four were successful, and one was found to have a tendency to re-invert when seen 
during the fourth month. 

(7) Machek-Blaskovicz’ Operation.—This method takes more time and is not 
often used. One case (Grade Il) was found to be successful after 2} months, but 
when the patient came again after 6 months the lashes were found to be re-inverted, 
and were later corrected by a modified Green operation. A second case (Grade 
IV) was found to be unsuccessful during the second month. 

(8) Excision of Follicles.—This may be necessary if the lid persistently inverts 
in spite of previous operations. One case followed for 2 months was found to be 
successful, but in another the lashes had grown again after 64 months, and had 
apparently not been completely excised. 

(9) Spencer-Watson’s Operation (for canthal trichiasis).—Two cases, followed 
at 3 and 54 months respectively, were observed to be successful. 

(10) Cuenod-Nataf’s Method.—Two cases followed up for 14 months were 
successful, but another was found to be unsuccessful during the third month. 

(11) Wheeler’s Tarsectomy.—Three cases observed at the fourth, sixth, and 
ninth month were found to be successful. 

(12) Duverger’s Operation —Four cases were found to be successful after from 
14 to 5 months, and another case observed after 3 months proved to be unsatis- 
factory. 

The cases in which these various operations were performed are summarized in 
the Table. 
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TABLE 
ENTROPION OPERATIONS 




















Method | Number | Percentage 

Modified Green (upper lids).. 1. 4s ue ws bri Rode 
Division of Intermarginal ap (total and eae) .: 168 12-0 
Electrolysis ..' ae “ey Pe 163 11:7 
Modified Green (lower Vids) | 3s Ee By: ee 125 8-9 
Wheeler’s asec de Ks ee bg e a 21 1-5 
Stallard ay an 34 2:4 

Miscellaneous Re Machek Riadeoviin Du- | 
verger, Wheeler, Excision of Hair Follicles)  .. 95 6°8 
Unclassified i, | 52 38 
Total . 1,397 ] 100-0 

| 





Conclusions 


Three approaches are possible in the correction of entropion: 

(1) From the Skin, the conjunctival part not being touched (e.g. Hotz, Stallard, 
Machek-Blaskovicz). 

(2) From the Conjunctival Surface both the conjunctival and tarsal plate being 
tackled (e.g. Modified Green, Wheeler’s tarsectomy). 

(3) At the Lid Margin in early or residual cases (e.g. division of intermarginal 
strip, electrolysis). 


Besides those listed above, combined methods, e.g. Cuenod-Nataf’s, may 
also be used. 

In comparing the approach from the skin and conjunctiva, we find that 
the latter is simpler, has less bleeding, saves time, and gives better results at 
the canthal region. On the other hand, disfigurement or granulation tissue 
formation is not uncommon. Hence this method is preferably used in 
cases with extensive cicatrization and inverted eyelashes, or in cases with 
shortage of skin which have a tendency to develop lagophthalmos. This 
method is extremely useful in the correction of epiblepharon and entropion of 
the lower lid. 

The skin approach has the advantage that it will not lead to a disfigured lid 
and it is the method of choice if the conjunctival sac is secondarily infected. 
It is also easier to perform if the tarsus is thick and hypertrophic, because 
here it is possible to excise a wedge-shaped piece from the tarsus. As com- 
pared with the conjunctival approach, this method causes more bleeding, 
takes more time, and occasionally gives unsatisfactory results in the canthal 
region (some extra sutures laid at the canthi may prevent this). 

The operation at the lid margin is the simplest of all. It takes less than 
five minutes, no assistance is necessary, there is hardly any bleeding, and no 
disfigurement, and a cosmetic result is also achieved. 
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The following operations are suggested for the various grades of entropion: 
Grade I. Division of Intermarginal Strip (partial) 
Electrolysis or Electrocautery — 
Spencer-Watson (if trichiasis is situated at canthal regions) 
Excision of Follicles 
Grade II. Division of Intermarginal Strip (total) 
Stallard 
Hotz-Anagnostakis 
Modified Green 
Grade III. Stallard 
Hotz-Anagnostakis 
Modified Green 9 
Division of Intermarginal Strip 
Grade IV. Modified Green 
Stallard 
Hotz-Anagnostakis 
Excision of Follicles 
Summary 

(1) 1,252 cases of entropion are reported and analysed. A system of 
grading is suggested and a simple operation is described. 

(2) Entropion occurs predominantly in the female sex, the ratio being 
3-4:1. The high peak of incidence occurs in the age group 41 to 50 years. 

(3) The importance of the disappearance of the sharp posterior border of 
the lid margin in early cases of entropion is emphasized. The division of 
intermarginal strip operation is aimed at broadening the intermarginal strip 
and thus supporting the eyelashes away from the globe. 

(4) Because follow-up is so incomplete it is not possible to make a definite 
assessment of success or failure. In correcting entropion, the approach at 
the lid margin is to be attempted first, reserving the more radical operations to 
be done later if necessary. The skin-and-muscle operation is useless in 
cases of spastic entropion complicated with trachomatous cicatrization. 


I wish to express my sincerest thanks to Dr. G. C. Dansey-Browning, Ophthalmic Specialist, 
Hong Kong, for his constant guidance and encouragement, and to the Hon. D.M.H.S., Medical 
Department, Hong Kong, for permission to publish this article. 
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Seana 


THE PITTAR SPLINT is of thin tantalum metal. 
It has a central perforation for drainage and four 
peripheral lugs for the attachment of retaining 
sutures. 





THE PiITTAR TREPHINE GUIDE facilitates the 
centration of the trephine prior to securing a graft 
with a Pittar or a Stallard Splint. 


THE STALLARD SPLINT is similar to the Pittar 
pattern, but without perforation and made in trans- 
parent acrylic so that the entire graft may be kept 
under observation. 


THE PHILPS SPLINT, in acrylic, has peripheral 
holes for the reception of sutures and additional 
perforations for drainage. An engraved cross enables 


the splint to be centred with ease. 


AINSLIE’S MODIFICATION of the Philps Splint 
differs from the original only in having considerably 
larger drainage holes. 


AINSLIE’S CORNEAL MARKER is for marking 
precisely on the cornea the locations for the retain- 
ing sutures. Its eight short needle points exactly 
correspond with the suture holes of the splint. 
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DISTENSIBILITY OF THE HUMAN EYE* 


BY 


J. GLOSTER anp E. S. PERKINS 


Institute of Ophthalmology, University of London 
(Director of Research: Sir Stewart Duke-Elder) 


THE relationship between changes in pressure and changes in volume within 
the eye is of practical importance in the calibration of tonometers and in 
tonographic calculations, and the coefficient of ocular rigidity, K, proposed 
by Friedenwald (1937) has been employed generally for these purposes. 
Contrary to Friedenwald’s assertion, it has been found that this coefficient 
is not a constant, but varies with intra-ocular pressure in the eyes of rabbits 
(Perkins and Gloster, 1957a, b) and of cats (Macri, Wanko, Grimes, and 
von Sallmann, 1957). In both species, the values of K increased markedly 
as the intra-ocular pressure increased. In view of these findings, it is of 
considerable importance to determine whether the coefficient of rigidity of 
human eyes is similarly dependent upon the intra-ocular pressure. Little 
attention has been given to this matter, although MacDonald (1955) produced 
some tonometric evidence which suggested that scleral rigidity was inversely 
related to intra-ocular pressure in living human eyes, and McBain (1957) 
reported that the rigidity of enucleated human eyes decreased as the intra- 
ocular pressure increased.. Our observations, which have already been 
described briefly (Gloster, 1957), are in general agreement with the above 
findings and this paper gives a fuller account of our results. 


Methods 


Two methods for determining ocular rigidity were used—the “volumetric” 
method (Perkins and Gloster, 1957a) and the tonometric method (Perkins and 
Gloster, 1957b), the latter being quite distinct from the usual differential tono- 
metric method using two weights, which was found to be completely unreliable. 
Only dead human eyes have been studied, as both methods necessitate the intro- 
duction of a needle into the anterior chamber. Some of the measurements were 
made on eyes which had been rejected for use in corneal grafting and stored at 
4° C. for 5 to 15 days after enucleation. Other determinations were carried out on 
cadaver eyes, in situ, between 8 and 14 hours after death. 


The experiments may be divided into three groups: 

(A) Enucleated eyes (three); studied by the volumetric method. 

(B) Enucleated eyes (four); rigidity determined by the tonometric method. 
(C) Dead eyes in situ (four); studied by the tonometric method. 





* Received for publication May 27, 1958. 
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Results 
The coefficient of ocular rigidity was calculated from the formula 
_ logio P2 —logio Pi, 
aig aV | | 
where P, was the initial intra-ocular pressure (cm. saline) and P, the pressure 
after a change in intra-ocular volume of 4V wl. 

The values for K in each eye were plotted against intra-ocular pressure, 
and curves were drawn to fit the points as closely as possible. From these 
curves the values of the coefficient of ocular rigidity at 25 cm. saline and at 
50 cm. saline were obtained, and these are presented in the Table. 


TABLE 


VARIATION OF THE COEFFICIENT OF OCULAR RIGIDITY K, WITH 
INTRA-OCULAR PRESSURE IN DEAD HUMAN EYES 
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Coefficient of Ocular Rigidity, K 
Group Method Eye 
At 25 cm. Saline | At 50cm. Saline 
A 1 0-012 . 
Enucleated Eyes Volumetric 2 0-019 - 0-015 
3 0-013 0-010 
0 
4 0-018 0-014 de 
B 5 0-017 0-015 in 
Enucleated Eyes Tonometric 6 . 
7 
8 eye 
Cc 9 are 
Dead Eyes in situ* Tonometric 10 co 
11 T 
24 | 
Means Kv 
tior 
Ranges 0-012-0-027 plac 
* Eye 8 was examined 14 hours after death, Eye 9, 10 hours, Eye 10, 8 hours, and Eye 11, 13 hours after death. oe 
whi! 
The two main facts to be noted from these results are: seer 
(1) There was a wide individual variation in the values for K at both refle 
pressures; whe 
(2) In all eyes, except one (Eye 10), K was lower at 50 cm. saline than oe 
at 25 cm. saline. Figi ; 
The results for one eye (Eye 9) are: shown in Fig. 1 (opposite). M 
: tions 
Discussion 





(a) Individual Variations in Ocular Rigidity —The values obtained for the 
coefficient of ocular rigidity are in broad agreement with those given by Grant 
and Trotter (1955), who found an average value for K of 0-0163 (range 
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Fic. 1.—Variation of coefficient of ocular rigidity K with intra-ocular pressure. 
Dead human eye. (Pay=mean of initial and final intra-ocular pressures). 


0:0110 to 0-0215) in 29 normal human eyes examined within 24 hours of 
death. However, these workers did not measure K over a range of pressures, 
and therefore their results cannot be compared strictly with ours. 

It is not known how far these results are applicable to the living human 
eye, but there is reason to believe that the stretching properties of the eye 
are not grossly changed post mortem. Grant and Trotter (1955) found no 
correlation between the value of K and the time after enucleation (from 3 to 
24 hours), and in one eye which they examined 15 minutes after enucleation 
K was found to be only slightly above their average value. These observa- 
tions suggest that any post mortem changes in ocular rigidity probably take 
place rapidly, but in a previous study (Perkins and Gloster, 1957a) we found 
only small changes in K for the rabbit eye in the first hour after death. Thus, 
while we are ignorant of the absolute value of K in the living human eye, it 
seems highly probable that the individual variation in K for dead eyes 
reflects a similar variation for living eyes. The importance of this is obvious 
when it is remembered that the usual calibration curves for the Schidtz 
tonometer are calculated assuming that K is equal to 0-0215, and such 
calibrations are accurate only for eyes having this coefficient of ocular 
rigidity. 

Moreover, variations in K will have a considerable effect upon determina- 
tions of the coefficient of facility of outflow, C, when the latter is calculated 
from tonographic measurements. The magnitude of this effect is shown in 
Fig. 2 (overleaf). Here the Tables given by Ballintine (1955) have been used to 
deduce values for C, assuming that, using a Schidtz tonometer with 5-5 g. 
weight, the scale reading changed from 5 to 7 in the course of 4 minutes—a 
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fairly average tonographic result. It is clear from the graph that the 
coefficient of facility of outflow calculated from tonographic data is mosi 
strongly influenced by ocular rigidity over just that range in which values for 
normal eyes fall. 


- 


Coefficient of facility of outflow C 








J | 
002 003 004 


Coefficient of ocular rigidity K 


Fic. 2.—Variation of coefficient of facility of outflow, C, with coefficient of ocular 
rigidity, K. (AB and CD represent the ranges of K at 25 and 50 cm. saline, respectively, 
found in the present study). 








(b) Variation of Ocular Rigidity with Intra-ocular Pressure.—The variation 
of K with intra-ocular pressure in dead human eyes is of interest from two 
aspects. First, sucha variation would.again influence tonometric calibrations 
and tonographic results. Secondly, the variation is in marked contrast to 
that found in living and dead rabbit eyes, in which the same methods of 
determination showed that K increased as the intra-ocular pressure increased, 
a variation found in only one of the eleven human eyes studied. However, 
this seemingly great contrast between the human eye and the rabbit eye is due 
in part to the use of the coefficient of ocular rigidity as an expression of the 
distensibility of the eye. In Figs 3(a) and 3(5), the distensibility of a rabbit 
eye is compared with that of a human eye; in Fig. 3(a) the distensibilities are 
expressed by means of the coefficients of ocular’ rigidity, while in Fig. 3(b) 
the distensibilities of the same two eyes are expressed as the increase in 
pressure for unit increase in intra-ocular volume (opposite). These graphs 
show that, while there are undoubtedly differences between the two species 
in the stretching properties of the coats of the eye, there is some similarity 
of behaviour when the distensibilities are expressed as rises of pressure for 
unit increases of volume. Therefore, the contrast between the two eyes is 
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not as great as might be supposed from the opposite variations of K with 
intra-ocular pressure. 


© = human eye 
t @ = rabbit eye 
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Fic. 3(a and 5).—Comparison of distensibility of a human eye with that of a rabbit eye. 
In Fig. 3(a), the distensibilities are expressed as coefficients of rigidity, K. — 
In Fig. 3(6), the distensibilities are expressed as changes in pressure for unit 
changes in volume, 4P_ 
ADV. 


Summary 

The distensibility of dead human eyes has been studied and it has been 
shown that the coefficient of ocular rigidity, K, decreases as the intra-ocular 
pressure increases. There was a considerable individual variation in K, 
values from 0-012 to 0-027 at an intra-ocular pressure of 25 cm. saline being 
found in a series of 11 eyes. The importance of these findings in relation to 
tonometry and tonography is discussed. 

We are indebted to Professor K. R. Hill of the Royal Free Hospital for his co-operation 
in providing material for this study. 
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STANDARDIZED X-TONOMETERS* 


BY 
C. R. S. JACKSON 
Edinburgh 


STANDARDIZED Schidtz tonometers of the original (weighted) type have been 
on sale in the United States for more than 10 years, and a considerable 
amount of information has been collected which bears out the acceptability 
of the current specification. This knowledge was assembled in the First 
Decennial Report of the Committee on Standardization of Tomamesérs 
(1954). 

Following the American lead, standardized tonometers have been intro- 
duced into the United Kingdom, and the work of the W. H. Ross Foundation 
(Scotland) in this field has already been described (Jackson, 1953, 1955). 

The specification for the weighted model of the Schiétz tonometer is now 
internationally accepted, as is the new conversion of scale readings into 
mm. Hg (Schiétz) intra-ocular pressure. The instrument manufacturers, 
both in the U.K. and U.S.A., now submit their products to independent 
testing stations for examination and, if satisfactory, for certification as 
standard tonometers. These measures have at least introduced a con- 
siderable degree of uniformity between different tonometers, but it still has 
to be remembered that this type of tonometer is not without its own sources 
of instrumental error, which have been assessed by Friedenwald (1937), and 
that we must add to these the variables introduced by different observers, 
by the degree of relaxation of the patient, and his position, and by the time 
of day. I believe that the tendency to read a Schiétz tonometer to a degree 
of accuracy closer than the whole scale division is a mistaken one, and that 
the current calibration charts, which suggest a value for the various scale 
readings accurate to fractions of a millimetre of mercury, imply a standard 
of accuracy which is entirely misleading. 

Some years after the introduction of his original tonometer, Schidtz (1927) 
described his tonometer with a convex plunger. This is what we know as 
the X-tonometer, and is without the additional weights which were used in 
the original model to adjust the instrument to cover the various ranges of 
intra-ocular pressure. The different shape of the plunger-end enables a 
wide range of intra-ocular pressures to be registered without the need to 
alter the weight acting on the plunger. Inthe United States, the X-tonometer 
attracts very little interest. In the United Kingdom and in Scandinavia, on 
the other hand, the weightless model is very popular, and its sales greatly 
outnumber those of the weighted model. 

From a study of Schiétz’s original description of the weightless tonometer, 
together with the work of the American Committee, a specification has been 
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drawn up for the X-tonometer. This is given in detail at the end of this 
paper. Table I shows the ways in which the X-tonometer differs from the 


weighted model. 


TABLE I 
SPECIFICATION 


Model Schidtz 





X-tonometer 








Tonometer without handle (g.) .. a us 16-5 16-2 





Plunger diameter (mm.) .. “tse Fae 2 3 3 


Weight of plunger assembly (g.) . . bi a 5:5 ] 5:2 
| 








Plunger tip .. i Me a a .. | Concave, radius | Convex, hemispherical, 
15 mm. radius 1-5 mm. 





The zero for the X-tonometer to be set when plunger tip is 0-05 mm. below footplate. 


Apart from the calibration chart, which is discussed later, the instruments 
differ only in the shape of the end of the plunger and in the weight acting on 
the foot of the plunger when the tonometer is assembled. For manufacturing 
purposes, it is obviously desirable to have as many parts of the instruments as 
possible interchangeable, in order that the makers can easily turn to weighted 
or weightless tonometers, depending on the needs of their manufacturing 
programme. 

The Americans having introduced a standard weighted tonometer, it was 
desirable that the new X-tonometer should, if possible, give readings which 
were comparable with those of the weighted model. The whole problem of 
standardizing tonometers having come to a head, partly on account of the 
increasing speed and ease of travel, it is not difficult to imagine occasions on 
which tonometers of the two different types may be used to record the pressure 
in the same eye. 

I have previously discussed (Jackson, 1955) the available methods of 
calibrating tonometers, and I decided to compare the prototype standard 
X-tonometer with an accepted Schidtz tonometer on a series of human eyes. 
The standard reference model was made in America; it had been accepted 
by the American testing station, and it was examined at the tonometer testing 
station in Edinburgh to ensure that it remained in adjustment. 

Both normal and pathological eyes were used in the trial. The normal 
eyes were those in which no suspicion of ocular disease was present; they 
had been anaesthetized in the out-patient department, usually for the removal 
of a chalazion, or for the syringing of the tear passages. The pathological 
eyes were mostly those of our glaucoma patients. 

Three readings were miade on each eye: with the Schidtz 5-5 and 7-5 g. 
loads, and with the X-tonometer. The order in which the instruments were 
applied to the eye was varied in a random way; though it has been shown 
that the effect (on the intra-ocular pressure) of a short application of a 
tonometer is negligible. 
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The distribution of the scale readings on the 405 normal eyes is shown in 
Fig. 1. The shape of the curve is similar in each instance, though the peak 
of the curve lies at a different point of the scale in each case. Calculation 
shows that the average reading was at 4-5 Scale Divisions for the Schidtz 
5-5 g. load, at 7-1 Scale Divisions for the 7:5 g. load, and at 10-6 Scale Divi- 
sions for the X-tonometer. 


Fic. 1.—Distribution of 
original scale readings on 
405 normaleyes. Schidtz 
5-5 and 7-5g., and X-ton- 
ometer. 





scole readings 


Fig. 2 shows the result of moving the curves for the Schiétz 7:5 g. and the 
X-tonometer toward the curve for the Schidtz 5-5 g. load by an amount 


depending on the differences between these mean readings. There is close 
correlation between the curves. 


16 

150 
140 
130: 


110 


Fic. 2.—Distribution of scale readings 
revised by shifting the scale taking Schidtz 
5-5 g. as base. 








5 
scale readings 


The all-over pattern being satisfactory, it was necessary to determine how 
close would be the correlation if individual readings were adjusted in this 
way, in order to arrive at a basis for calibrating a standard X-tonometer. 
Each reading, in both the “normal” and “pathological” series, was there- 
fore modified by a factor depending on the differences of the means, and the 
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results were compared with the reading which would theoretically have been 
expected. 

The comparisons are shown in Table II, which indicates that 90 per cent. 
of the corrected readings fall within +1 Scale Division of the expected 
reading. Taking into account the difficulties of reading tonometers of the 
Schiétz type to greater limits of accuracy than one scale division, it is con- 
sidered that no improvement on this form of cross-calibration is likely. 


TABLE II 
EFFECT OF CORRECTION FACTORS 





Related to 5-5 g. Schidtz Gace) | Green 





Corfected 7:5 g. : 39 Po 





. 49-6 
Corrected X-tonometer c 89-5 











Related to 7:5 g. Schiétz Peso pare sg 


| +0°5 23 149 
+1-5 95 94-5 





Corrected X-tonometer 











A conversion chart which allows conversion of scale readings into mm. Hg 


intra-ocular pressure according to the most recent conversion chart for the 
weighted tonometer is given in Fig. 3. 


r 60 
r 55 
F 50 
45 


r40 


Fic. 3.—Proposed calibration chart 
for X-tonometer. 


The figures are reproduced by 
kind permission of the Honorary 
ar Take SE 5 ’ Editors of the Proceedings of the 
scale reading Royal Society of Medicine. 
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APPENDIX 


PROVISIONAL SPECIFICATION OF STANDARD X-TONOMETER 
All tonometers and plungers to carry serial numbers 





Specification 





Test 
Standard Limits 





Weight (g.): (a) Plunger, lever, and pointer, ScaleO .. 5:2 +0-15 
(6) Tonometer without handle on ne 16-2 +0-25 


Friction between Plunger and Sleeve... te ra Negligible 











Friction between Handle and Sleeve ie 2 Negligible 








Footplate Diameter (mm.) + ‘se et ot , +0-2 
Curvature (mm.) ee A C +0-25 
Diameter of curved surface (min. ) . 





Plunger Diameter (mm.) . ae Ae ae . +0-03 
Tip. Convex radius (mm. ) a aS ‘ 





Scale Indication On 15 mm. standard 
On 16 mm. standard 
On own block .. 





Micrometer Scale 5. . 
Scale 10 
Scale 18 


Wobble (mm.) Plunger 
Fulcrum 








Extension of Plunger below Footplate (mm.) 





Pointer Depth (mm.) cS 
Thickness (mm.) .. 


Distance between Scale and Pointer (mm.) 














Plunger contact with Hammer. Perpendicular 5-10 scale 





Hammer, underside smooth, free from pits 





Tonometer to have generally good construction 





Test block to have a polished surface, 16 mm. +-04 spherical curvature, +-14 mm. 
deviation from sphericity, over an area of 11 mm. minimum diameter 





Tonometer case to be dust-free and to contain a place for the plunger so that the instrument 
can be taken apart for packaging 





Schidtz Chart Correct 
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CASE NOTES 


CHLOROMA OF THE ORBIT* 


BY 


SAMI HAMEED, TULSI DAS, ann K. C. AGARWAL 
Institute of Ophthalmology, Muslim University, Aligarh, India 


CHLOROMa is a rare type of leukaemia, and the process is nearly always acute. 
It is regarded as an atypical form of myeloblastic leukaemia and has a 
similar relation to myelogenous leukaemia to that between lympho-sarcoma 
and lymphatic leukaemia. The disease is commonly found in children and 
young adults, but it has occasionally been reported in the middle aged, 
chiefly in males. A congenital case has also been reported (Morrison, 
Samwick, and Rubinstein, 1939). 

The lesion manifests itself as a localized mass, the sites of predilection 
being the bones of the skull-and thorax. There may be chloroma masses in 
the kidney, muscle tissue, and skin, no tissue in the body being exempt 
except the brain and spinal medulla (Brannan, 1926). These tumours which 
are characteristically of a greenish colour are detected clinically under the 
periosteum, but the primary lesion is probably in the marrow cavity, the 

_ periosteal tumours being secondary. Some authors consider that the pig- 
ment, which fades on exposure to air, is of lipoid origin (Chiari, 1883; 
Malkin, 1925); others believe it to be haematogenous, and Goodman and 
Iverson (1946) say that it is chemically related to porphyrin. At autopsy it 
is found to be homogeneously distributed in the connective tissue, mucosal 
surfaces, and endothelial linings. Humble (1946) considers that it represents 
an intermediate stage in the breakdown of haemoglobin to bilirubin. The 
cells within the lesion are apparently identical with those in the circulating 
blood, and the symptoms are the same as in acute leukaemia with the addition 
of those produced by the tumour. The disease is always fatal within a few 
months. 


Case Report 


Case 1, a boy aged 11 years, was admitted to the Gandhi Eye Hospital, Aligarh, with 
proptosis of the left eye for one month and continuous fever for 6 days. After admission 
the right supra-orbital region began to swell. There was nothing significant in his past 
history or family history. 
Examination.—The boy was poorly nourished with pallor of the skin. There was no 
bleeding from gums or nose. The temperature was 100°F. The spleen and liver were 
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palpable one finger’s breadth below the costal margin. The submandibular lymph 
glands were palpable. The glands in the axilla, neck, and inguinal regions were not 
enlarged. 

Left Eye.—There was a swelling of the upper and lower lids extending up to the supxa- 
orbital margin. The eyeball was proptosed down and out (Fig. 1). The swelling was 
firm and tender on pressure. The overlying skin was congested, of a bluish colour, and 
the veins prominent. Movements of the eyeball were limited in all directions. There 
was chemosis of the bulbar conjunctiva, and the cornea, exposed as a result of lagophthal- 
mos, was becoming opalescent. The anterior chamber was normal, the pupil and reflexes 
were normal, and the lens and vitreous clear. The swelling made vision impossible, 
The optic disc was pale, and the veins prominent. 


Fic. 1.—Case 1,. showing marked proptosis of left eye, oedema of lids, 
and supra-orbital swelling. A small swelling can be seen on the right 


eye also 


Right Eye.—The upper and lower lids were swollen and congested, with tenderness in 


the upper and inner angle of the eye. The swelling was firm. Movements were normal 
in all directions. The cornea was normal. The visual acuity was 6/12. 
The optic disc was slightly pale, but the patient was not co-operative, and details were 


not seen clearly. 
The cardiovascular, respiratory, and nervous systems were all normal. 


Peripheral Blood 
Total white cell count .. .. 22,250 cells/c. mm. 
Blast cells a .. 18 percent. 
Promyelocytes .. bs -. 4 percent. 
Myelocytes Pia aa .. 2 percent. 
ae oe .. 3 percent. 
Staff cells. . ic .. 3 percent. 
Polymorphs ee ee .. 26 percent. 
Lymphocytes... is .- 34 percent. 
Monocytes ae ee .. 10 percent. 


General Blood Picture 
Marked anisocytosis, slight poikilocytosis, moderate polychromasia, apparently very 
few platelets. 
Total red blood count .. ne oe -- 2:16 million per c.mm. 
Haemoglobin .. aig ihe -. 7:5 g. per cent. 
Platelets .. a ee si -» 60,000 per c.mm. 
- Packed cell volume aia ¥ ve -- 20 per cent. 
Mean corpuscular volume __.. ne -- 92Cp. 
Mean corpuscular haemoglobin 34 ppg. 
Mean corpuscular haenioglobin concentration 37 per cent. 


Urine.—Bence Jones protein absent. Albumin present in traces. 
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Sternal Bone Marrow Aspiration, i pictgnaur 
Blast cells ae 
Promyelocytes 
Monn locytes .. 
e ye 
Staff ce 


Puiecbs 

Lymphocytes 

Monocytes 

ron ene cells 

Plasma cells 

Early normoblast 

Intermediate normoblast 

LS normoblast. . : ue 
. Ni 


Megakaryocytes..  . 
Leuco-erythroblastic ratio 15:6:1 
Case 2, a boy aged 6 years, was admitted to the Gandhi Eye Hospital, Aligarh, with fever, 
extreme weakness, pallor, and proptosis of both eyes. The symptoms were of one month’s 
duration. There was no loss of vision or any history of epistaxis, haemoptysis, or bleed- 
ing from the gums. 

Examination—The boy was poorly nourished with marked pallor of the skin and 
mucous membranes. The temperature was 102°F. The submandibular and pre- 
auricular lymph glands were enlarged, but the lymph glands in the region of neck, axilla, 
and groin were not enlarged. 

Small subconjunctival haemorrhages were present. Accommodation was normal. 
Proptosis and lagophthalmos were present but more marked in the right eye (Fig. 2). 


oe ae 


Fic. 2.—Case 2, showing marked proptosis of right eye. 
The fundus examination revealed tortuous vessels with multiple haemorrhages near the 
disc which had a pale centre. The blood could be seen moving in one or two blood 
vessels, spurting past a constriction. 
The spleen and liver were palpable one finger’s breadth below the costal margin. The 
cardiovascular, respiratory, and central nervous systems revealed nothing important. 
Peripheral Blood 


Haemoglobin cs ae ae si 3 
Erythrocytes .. ae ah ey ie 0- 


‘0 g. per cent. 

‘8 million per c.mm. 
Packed cell volume... ap np ot 9 per cent. 

Mean corpuscular volume __. 112 cp. 

Mean corpuscular haemoglobin concentration 33 per cent. 

Total leucocytes. . 88,000 per c.mm. 


Differential Leucocytes 

Myelobasts ps eS .. 42% percent. 
Promyelocytes .. aes .. 6% percent. 
Neutrophils 2 i fe oe per cent. 
N. myelocytes .. Be .. 10% percent. 
Lymphocytes... ‘ 30% per cent. 

The peroxidase test was positive in the blast call: Thivesbowsies were markedly diminished. 

Few nucleated red blood cells were also seen. Bone marrow biopsy could not be done. 
A skiagram of the orbit was normal. 
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Urine.—Bence Jones protein absent. 
Kahn Test.—Negative. 

Progress.—The patient was given cortisone and a blood transfusion, but the parents 
removed him from hospital after a few days against medical advice, and he died at his 
home after a week. 

Discussion 

The blood picture in chloroma may be myeloid or lymphoid in type 
(Brannan, 1926; Washburn, 1930), but other workers are of the opinion that 
all cases of chloroma are myeloblastic, and that the lymphoblasts occasionally 
described would on further examination be found to be myeloblasts. Other 
workers (Roehm, Riker, and Olsen, 1937) consider the blast cell to be a 
primitive cell, while Pasca (1949) and Durie, Lemberg, and Sear (1950) 
consider it to. be a haemocytoblast which may differentiate as a lympho- 
cyte or a myelocyte. Gump, Hester, and Lohr (1936) described a case of 
monocytic chloroma in a male aged 55 years. 

In this paper investigations could be completed in Case 1, but no sternal 
or tibial aspiration was possible in Case 2. 


Case 1.—Both the peripheral and sternal puncture smears showed that the 
nucleus of the blast cells was either oval or reniform, containing two to three 


nucleoli (Fig. 3). 


Fic. 3.—Case - |, 
sternal puncture 
smear. x500. 


The cytoplasm in many cells contained auer bodies and azure granules (Figs 4 
and 5, opposite). The blast cells were peroxidase-positive. As is evident from 
the myelogram, the more mature cells were mostly of the granular series (Fig. 6, 
overleaf). The haematological picture was consistent with that of acute 
paramyeloblastic leukaemia (Naegeli type). 
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Fic. 4.—Case 1, 
sternal puncture 
smear, showing 
blast cells of a 
monocytoid char- 
acter. x1125. 


Fic. 5.—Case 1, 


Case 2.—The peripheral blood showed typical myeloblasts with two to four 
nuclei. They were strongly peroxidase positive, and a diagnosis of acute myelo- 
blastic chloroma was made. 

The general condition of Case 1 was very poor, though his blood picture 
was not so acute as that of Case 2, who looked clinically in a better general 
condition. 
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Fic. 6.—Bone biopsy from supra-orbital swelling showing immature white-cell 
aggregation under periosteum. Haematoxylin and eosin. 300 


Summary 


The literature and pathology pertaining to certain aspects of chloroma are 
briefly reviewed. 


Two cases of chloroma of the orbit are reported, one presenting an acute 
para-myeloblastic (Naegeli) blood picture and the other an acute myelo- 


blastic blood picture. 


Our thanks are due to Dr. Y. Dayal, ophthalmic surgeon, and Dr. P. K. Dhir, assistant surgeon, 
Gandhi Eye Hospital, for their valuable help in supplying the necessary data regarding these cases. 
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CASE NOTES 


AN UNUSUAL CASE OF THE VOGT-KOYANAGI 
SYNDROME* 
BY' 
IRENE D. R. GREGORY 
London 








Tue Vogt-Koyanagi syndrome is a rare form of bilateral uveitis, with 
associated disturbances involving the skin, hair, and ears. Bilateral uveitis 
is present in all cases, appearing in both eyes at the same time, usually without 
other subjective symptoms. Alopecia and poliosis (bleaching of the eye- 
lashes) are reported to occur in about 90 per cent. of cases. The aural 
symptoms coincide more or less with the eye symptoms, the causative lesion 
being apparently in the labyrinth or central nervous system. Occasionally 


there may be general symptoms indicating meningeal involvement. 


A patient with the Vogt-Koyanagi syndrome recently attended the uveitis 
clinic at the Institute of Ophthalmology, London. The case is of interest 


as the initial symptoms pointed to a diagnosis of intracranial tumour. 


Case Report 
re A married woman aged 47 was referred to the Uveitis Clinic on November 13, 1956, for 
investigation. 
te History.—The patient had attended Moorfields Eye Hospital on September 19, 1956, 


re complaining of intermittent blurring of vision and headaches for the preceding fortnight. 
Records show that the visual acuity at the time was 6/9 in the right eye and 6/36 in the left. 


The media were clear but the fundi showed “gross papilloedema”. The peripheral 


visual fields were full but the central fields showed enlargement of the blind spot. 


mn, patient was accordingly referred to the National Hospital for Nervous Diseases, Queen 


Square, with a suggested diagnosis of cerebral tumour. The presence of severe bilateral 


papilloedema was confirmed when she attended the Out-Patients Department there one 


week later, and admission for further investigation was arranged. At this time the eyes 


were slightly congested and watering. 


On October 9, the patient was admitted to hospital, but by this time her chief complaint 


mn. was of deteriorating vision, and she was found to have developed a severe bilateral 
- uveitis with posterior synechiae. The visual acuity had fallen to 3/60 in either eye. The 
ree uveitis was treated with atropine and cortisone drops. Investigations, which included 


electro-encephalograms and skull and chest x rays, showed no evidence of an intracranial 


tumour, The cerebrospinal fluid values at this time were as follows: 


Pressure: 100 mm. Hg. clear. 
32, Cells: 139 lymphocytes per c.m. 
Proteins: 55'mg./100 ml.. 
Pandy: Weak positive. 


Lange: No change. 


Wassermann reaction: Negative: 


by 





* Received for publication May 3, 1958. 
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The overall picture was of an increase in the protein content and number of cells. The 
albumin/globulin ratio was normal. , 

On November 2 she was discharged from the National Hospital, and she was subse- 
quently admitted to Moorfields where, in addition to the loca) treatment of the eye, 


Systemic steroid therapy was given. 


Examination —When the patient was seen at the uveitis clinic for the first time, the 
sight had deteriorated to “hand movements” only in both eyes. Marked ciliary engorge- 
ment was evident and the slit lamp showed endothelial oedema of both corneae, numerous 
fresh keratic precipitates, a heavy flare, and numerous cells, together with exudate on the 
anterior lens capsule and posterior synechiae. No fundus details could be seen, as the 
Opacities in the media obscured any red reflex. The tension, to the fingers, was low in 
both eyes. 

When the patient was questioned regarding the onset of the disease, it was disclosed 
that at the beginning she had experienced buzzing in the ears and some slight deafness, 
while voices seemed distorted. The medical history-taking elicited nothing apart from 
information concerning recurrent attacks of cystitis. The routine medical examination 
of the patient at the uveitis clinic showed no evidence of systemic disorder apart from 
lumbo-sacral osteo-arthritis. No ankylosing spondylitis was present. 

Extensive investigations were then undertaken by the Department of Pathology. 
Swabs were taken from the conjunctival sacs but no organisms were grown on culture. 
On November 13, 1956, the blood count showed: Hb 98 per cent.; white blood cells 
7,500 per c.mm. with a normal differential count; erythrocyte sedimentation rate 9 mm. 
in the first hour; blood Wassermann reaction, Kahn test, and gonococcal complement- 
fixation test negative. Brucellosis and toxoplasmosis tests were negative. The urine 
contained no abnormal constituents. The Mantoux test was negative to a dilution of 
1/100. 

Diagnosis.—The association of dysacousia with the onset of the condition was thought 
to be highly significant, and a provisional diagnosis of an incomplete Vogt-Koyanagi 
syndrome was made. When the patient was re-examined at the uveitis clinic in June, 
1957, she had developed poliosis, and furthermore, she stated that she had experienced 
considerable loss of scalp hair some 6 months previously. No vitiligo of the skin could 
be seen. The development of poliosis, and the history of alopecia, confirmed the 
diagnosis. The ocular findings at that time were as follows: 


Right Eye.—Visual acuity 3/60; eye white; tension normal to fingers; pupil well dilated, 
but numerous posterior synechiae present and fibrous tissue on lens capsule; keratic 
precipitates, cells, and flare still present, together with numerous vitreous opacities. 


Left Eye.—Visual acuity, “counting fingers”; eye white; tension normal to fingers; 
iris bombé present with fine deposits on posterior corneal surface and moderate flare. 


Treatment.—In July, 1957, a broad iridectomy ab externo was carried out on the left 
eye by Mr. S. J. H. Miller. The portion of excised iris was cultured in the hope that a 


virus might be recovered but none was grown. 


Progress.—In September, 1957, both eyes still showed active uveitis ; the visual acuity 
in the right eye was 6/60, but in the left eye it had not improved beyond “counting 
fingers’”’. « 

Neurological investigation of the eighth nerve was carried out on April 1, 1958, by 


Dr. Halipike at Queen Square, and the report was as follows: 
““Cochlear function—normal. Vestibular function normal apart from some abnor- 


mality in the pattern of caloric responses. This is probably attributable to difficulty with 
fixation, and may therefore be insignificant”. 


















VOGT-KO YANAGI SYNDROME {5 
. i ion ‘ 

The aetiology of this disease is uncertain. The widespread nature of the 
lesions suggests a toxic cause, while the changes in pigmentation resemble 
the skin changes noted in certain cases of sympathetic ophthalmitis. The 
condition has been ascribed to a virus infection, but none has so far been 
isolated. An alternative theory attributes the condition to an anaphylactic 
efiect of the uveal pigment on the skin and hair. 

This patient presented with typical signs and symptoms of papilloedema. 
The nature of the papilloedema, which was such a marked feature in this 
case, is a matter for speculation. In view of the CSF findings, meningeal 
involvement seems the most probable explanation. Another possibility is 
that the disc swelling was associated with the onset of uveitis in the posterior 
segment. 


Summary 
A case of the Vogt-Koyanagi syndrome, presenting initially with papill- 


oedema, is recorded. Iris tissue, removed at operation, 9 months after the 
onset of the uveitis, was unsuccessfully cultured for a virus. 


I wish to thank Mr. S. J. H. Miller for his permission and encouragement to publish this case 
Teport. My acknowledgments are also due to the Director of Research and to the Department of 
Pathology at the Institute of Ophthalmology. I am indebted to the authorities at the National 
Hospital for Nervous Diseases for the use of their records, and in particular to Dr. S. P. Meadows 
for perusing and advising on this paper. 
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APPLIANCES 


BIFOCAL TRIAL LENSES* 


BY 


J. D. MAGOR CARDELL 
London 


IT is sometimes convenient to demonstrate to a patient, who has not worn 
them before, the usefulness of bifocal glasses. There is in existence a foreign 
trial frame in which the ordinary trial lens can be clipped in from below so 
that the upper part occupies the same position as the reading segment of a 
bifocal. This appears to be a clumsy arrangement since the lower portion 
of the lens may not clear the cheek and it would be useless where the trial 
lenses are small with a wide rim. 


Mr. C. Davis Keeler made for me, some years ago, a box of trial lenses of 
the bifocal type, being plano above and having the usual reading additions 
up to +3 D sph. as the lower segment. The lenses are so marked that the read- 
ing portions can be placed vertically below or decentred inwards. Where a 
change of bifocals is being prescribed, these lenses make comparison of the 
old with the new glasses easier and more convincing. 





* Received for publication April 30, 1958. 
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OPERATION-TABLE HEAD-PILLOW 


BY 


C. MONTAGUE RUBEN 
High Holborn Branch, Moorfields Eye Hospital 


IN general surgery, the position of the part to be operated upon is of great 
importance and can decide the success or otherwise of an operation. 

In eye surgery, the position of the head determines the position of the 
eyes, and a head-pillow has been designed to fulfill the following require- 
ments: 

(1) To provide some stability for the head when the patient is in the supine position. 

(2) To support the cervical spine curvature. 

(3) To give the surgeon lateral support for his arms. 

(4) To provide a firm, flat, lateral table on either side of the head for instruments, with 
an elevated border to prevent them falling on to the floor. 

(5) To provide a space for the head and shoulders which will fit most patients, includ- 
ing children. 

The Figure shows such a pillow made of laminated latex covered by anti-static 
rubber, which has proved comfortable to the patient in use (especially important 
with local anaesthesia). 


A sterile towel is placed over the pillow, and the patient’s head rests in the 
hollow. The towel therefore acts as a supporting diaphragm, and this permits a 
large variation in head sizes to fit the pillow. It has a depth of three inches, and 
this is sufficient to allow easy access to the pre-auricular region for seventh nerve 
anaesthesia. 


Mr. R. Wilson and Mr. C. Smith, technicians to the hospital, ably assisted in the making of 
the original plaster mould. 

I wish to thank Mr. Frederick Ridley for his encouragement, and the Medical Illustration 
Department of the Institute of Ophthalmology for the photographs. 





* Received for publication March 25, 1958. : 
t The instrument was made by Messrs. C. W. Dixey & Son, of 19, Wigmore Street, London, W.1. 
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A NEW NEEDLE HOLDER*+ 


BY 
S. S. SUMNER 
Preston 

To take advantage of the principle that the movements of the fingers and 
hand are more delicate than those of the hand and wrist, a special holder for 
curved ophthalmic needles has been designed. It has a handle of the type 
described by Castroviejo but slightly elongated. Instead of straight blades 
there are projections 6 millimetres long.at the ends which make an angle of 
110° with the axis of the handle. These are 2 millimetres in diameter and 
each has two facets on the inner surface arranged at right angles to each 
other, one sloping downwards and forwards and the other downwards and 
backwards (Fig. 1). The needle is grasped between the corresponding facets 
of the terminal projections. 


Fic. 1.—Terminal projections with facets.” Note 
how these slope in different directions. 


The method of using the instrument is shown in Figs 2 and 3. It will be 
noted that when a portion of the needle held in one pair of facets is passed 
through the tissues it is grasped by the other and withdrawn. This results 
in a smooth pendulum-like action. Moreover there is only a limited action 
of the wrist instead of the extensive pronation and supination required in the 
use of most needle holders. 

The writer, being right-handed, finds it convenient to have the facets on the 
toe of the needle holder sloping downwards and towards him; otherwise the 


* Received for publication March 19, 1958. 
+ The instrument was made by Messrs. C. W. Dixey & Son, of 19, Wigmore Street, London, W.1. 
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A NEW NEEDLE HOLDER 


Fic. 2.—Instrument with needle being intro- Fic. 3.—Withdrawal of needle from the tissues. 
duced into the tissues. It is held by the facets It is grasped by the facets at the heel of the 
at the toe of the terminal projections. terminal projections. 


projection where the facets cross over tends to catch on the threads that are 
being used. When sewing away from him the reverse arrangement is 
preferable for the same reason. . 
This instrument is not so convenient for general use as a number of others 
which are available, nor is it suitable for needles of all sizes and curves. But 
for fine sewing, e.g. that required for the preplaced corneo-scleral stitches of 
cataract extractions, or in the closure of the wounds of scleral excision opera- 
tions, it seems to have some value as an addition to our armamentarium. 
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CORRESPONDENCE 


PRESERVATION OF THE ANTERIOR CHAMBER 


To the Editorial Committee of the British JOURNAL OF OPHTHALMOLOGY 


Sirs,—Working on my suggestion that cannulated instruments for surgical procedures 
inside the anterior chamber would allow it to be reformed at will while operating (Tolia, 
1958), Ernst Grieshaber of Switzerland has produced a discission needle mounted on a 
1-ml. Luer lock syringe acting as a handle (Fig. 1), through which sterile normal saline 
can be injected into the anterior chamber (Fig. 2). 





Fia. 2. 


I have tried this needle in a case of traumatic cataract with an anterior synechia. 
I was able to do a thorough needling of the lens matter and also to divide the anterior 
synechia and leave the anterior chamber deep and full on the completion of the opera- 
tion, thus obviating the chances of reformation of anterior synechia or iris incarceration 
at the site of the needle entry. 

The instrument promises to be very useful in discission and capsulotomy operations. 
It, could also easily be made to enter the potential space between the cornea and the iris 
from the limbus so that saline or air can be injected in cases of delayed’ formation of the 
anterior chamber after cataract and glaucoma operations. 

Yours faithfully, 
J. N. Tout. 
ARCADE House, 
P.O. Box 10156, Narrosi. 
May 30, 1958. 


REFERENCE 
Tout, J. N. (1958). Brit. J. Ophthal., 42, 60. 





2 _ S8BISBRSEBE FOR STS 


Brit. J. Ophthal. (1959) 43, 121. 


BOOK REVIEWS 


System of Ophthalmology. Edited by Sir Stewart Duke-Elder, G.C.V.O., M.A., LL.D., 
Ph.D., D.Sc., M.D., D.M., F.R.C.S., F.R.C.S.E., F.A.C.S., F.R.A.C.S. Vol. I. 
The Eye in Evolution. 1958. Pp. xvi and 843, 902 illus., 15 col. pl., 350 marginal 
figures. Kimpton, London. (Six guineas). 

We all remember how Toomai watched the elephants dancing at night in the heart of 
the Garo hills, but many of us will be surprised to learn that bees also can dance. The 
ballet which they stage to put their fellow-foragers on the right road to the nectar is one 
of the many beautiful things told by Sir Stewart. This is the best of his books so far, 
and its appeal will be even wider than that of his great seven-volume “Text-Book of 
Ophthalmology”. Every ophthalmologist ought to read “The Eye in Evolution”, but 
its subject-matter and mode of presentation will also attract chemists, biologists, com- 
parative anatomists, physicists, and a multitude of other medical people besides those 
who practise ophthalmology. Nearly every page is beset with judiciously chosen, 
skilfully arranged illustrations, the coloured plates are splendid, and Miss Soley’s gay 
marginal sketches help to rivet the reader’s attention. Each paragraph has been combed 
by the proof-readers, and I have never seen a book on this scale so refreshingly free from 
misprints. All the material is tellingly spaced, finely printed on high-grade paper, and 
set off by a good binding. The firm of Henry Kimpton, and Mr. George Deed in par- 
ticular, have good reason to be proud of their production. 

Even outside the ranks of medical and scientific workers there must be many people who 
will enjoy reading about the navigational achievement of those birds who 


“*,. . wedge their way, 
“Intelligent of seasons, and set forth 
**Thir Aierie Caravan high over Seas 
“Flying...” 


They will also be excited to hear of that resourceful crustacean, Talitrus saltator, who can 
navigate at night by the light of the moon. The general reader requires no special 
knowledge of science or medicine to initiate him into the manoeuvres of a male praying 
mantis paying court to his spouse. His are the stratagems which remind Sir Stewart 
of children playing at Grandmother’s Footsteps. Many problems of perception, 
phototropism, and morphology were considered in the earlier editions of Sir Stewart’s 
“Recent Advances in Ophthalmology’? some 30 years ago, in the first volume of 
his text-book (1932), and more recently in the Lister Oration which he delivered at 
the Royal College of Surgeons of England in March, 1958; but here we see him 
in full sail, expanding his theme with space for deployment. The subject matter, as 
he justly claims in the preface, has never before been gathered into a single book. 
Instances of masterly description could easily be multiplied to tempt a prospective 
reader. Neurobiotaxis, bioluminescence, the functions of the pecten and the tapetum, 
the bellicosity of ants, the cormorant’s accommodative excursion, and the role of tears 
as a food-lubricator in certain animals, are all effectively considered. So are the astonish- 
ing morphological variations of the cornea, retina, lens, and ocular musculature among 
the species which dwell upon our planet. Another charming feature of Sir Stewart’s 
book is the series of tributes which he pays to the work of Darwin, Miiller, Hesse, 
Kappers, Lankester, and other pioneers in this enormous field of investigation. 
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“Tt will be remembered”’, says Sir Stewart at the beginning of more than one sentence, 
and then goes on to produce some delightfully recondite piece of information. So 
modestly is the story set forth that many a reader is lulled into supposing that he knows it 
already. Thatisalltothe good. Familiar things, even if the familiarity is more apparent 
than real, keep us reading. Although this is a large volume, it should not be treated as a 
work of reference. By all means use it as a reference book afterwards, but first of all 
read it right through. Every chapter is worth while, nor should the reader forget that 
many a gem nestles unobtrusively among the sections printed in smaller type. Sir 
Stewart has proclaimed his indebtedness to many helpers for technical, secretarial, and other 
forms of assistance. He also knows how much of the credit belongs to his forerunners in 
scientific research. Nevertheless, we must insist that no mere drone could have compiled 
anything to compare with “The Eye in Evolution”. Prodigious industry was of course 
needed to cope with the mass of material which Sir Stewart has coaxed into shape. In the 
wee sma’ hours, when most of us have been swathed in oblivion, his pen has gone racing 
over the paper, as light and nimble as the fireflies which he describes with so much gusto 
(p. 742). Sir Stewart tells us that the kingfisher is endowed with four foveae, but he 
himself, although he is limited to a pair, surveys the face of Nature as if his foveae out- 
numbered a butterfly’s ommatidia. He has assembled his facts with discrimination, and 
linked them with a grasp that may justly be termed Churchillian. Therefore the reviewer’s 
task has been converted into a pleasure tempered by only one regret—that Sir Stewart’s 
beloved chief John Herbert Parsons did not live quite long enough to see the work in 
print. It is difficult to conceive how any other book could so conclusively prove that 
we are, in the words of the Psalmist, “fearfully and wonderfully made’’. 


When—What?—Amblyopia Treatment in Practice. (Wann—Was? Amblyopiebehand- 
lung in der Praxis). By A. Bangerter and M. Steidele. 1958. Pp. 43, 6 figs 
Zehnders, St. Gallen, Switzerland. (Sw. frs. 6.) 

This little pamphlet, based on the experiences of the pleoptic and orthoptic school at 


St. Gallen, is intended to be a “hand-out” to parents of children suffering from amblyopia 
ex anopsia. Appropriate methods of treatment depending upon the age of the patient 
are given on folding pages of different colour including illustrations of certain home-work 
exercises. 

Although some of the methods of treatment advocated are not quite in accordance 
with British custom, a pamphlet of this sort is a good idea, and of considerable practical 


value. 


Booxs RECEIVED 


The following will be reviewed in Ophthalmic Literature, Vol. 12, No. 3, March (1959): 

The ‘‘Optopsychopedagogic ’’. Method (La méthode optopsychopédagogique). By 
G. CarLevaro and H. Oumton. 1958. Pp. 146, 28 figs, 15 plates. Edizioni 
Minerva Medica, Turin. (3,000 lire.) 

Documentary Study of the Fundus Oculi. Vol. I, Circulatory Disturbances (Studio 
documentato del fondo oculare. Vol. 1, Alterazionicircolatorie). By A. CLERICI. 
1958. Pp. 207, 133 figs, bibl. Fattorini, Milan. 

Rhinogenous Diseases of the Orbit (Die rhinogenen Erkrankungen der Orbita). By 
R. HERRMANN. 1958. Pp. 83, 42 figs, bibl. Thieme, Stuttgart. (DM 18.) 


Pathology of the Eyes {Pathologie des Auges). By M. RapN6ér. 1958. Pp. 239, 
285 figs, bibl. Akadémiai Kiadé, Budapest. 


So You Have Glaucoma. By E. R. Vers. 1958. Pp. 64, 9 figs. Grune and Stratton, 
New York. ($2.75.) 
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NOTES 


REPORT OF THE INTERNATIONAL COMMITTEE ON THE TEACHING OF 
OPHTHALMOLOGY 


At the meeting of the International Council of Ophthalmology in Montreal in 
1954 the report of the Committee on Teaching was submitted and approved 
unanimously. Therein it was recommended that a survey of the teaching of 
ophthalmology throughout the world should be carried out and that the task 
should be entrusted to the International Association of Secretaries of Ophthalmo- 
logical and Otolaryngological Societies. 

At its next meeting in New York the International Association of Secretaries 
appointed Dr. Frank Newell and Dr. M. E. Alvaro to carry out the survey. 
It was decided that Newell should tackle the English-speaking nations of the world 
whilst Alvaro made a survey of the other nations. Answers to their inquiries 
were received from the following countries: Argentina, Australia, Austria, 
Belgium, Brazil, Canada, Chile, Ecuador, Finland, France, Germany, India, 
Japan, Mexico, Peru, Portugal, Spain, Switzerland, the United Kingdom, the 
United States of America, and Venezuela. 

Following the recommendation of the 1950 Committee, the teaching of ophthal- 
mology was divided into three distinct phases: 

(1) Teaching of undergraduate medical students; 
(2) Post-graduate teaching for the training of specialists; 
(3) Teaching of fully-qualified specialists. 


(1) Teaching of Undergraduate Medical Students 


This varies from country to country from a maximum of 238 hours to a minimum of 
35 hours. In some countries, chiefly in Austria and Germany, there is a long-standing 
tradition of a long course in ophthalmology for undergraduates, which includes practical 
demonstrations, lectures, and a special course of ophthalmoscopy. In other countries 
fewer hours are spent in the teaching of ophthalmology and more emphasis is placed on 
training the medical student in the essentials of ophthalmology so that he may be of 
help to his patients in emergency cases and may be able to correlate ophthalmological 
findings with general findings. 

The following detailed information was obtained from individual countries: 


Argentina.— Undergraduate teaching at the University of Buenos Aires comprises one weekly 
class, plus 46 hours of practical classes examining patients; at the Facultad de Medicina de la 
Universidad de Cordoba 60 hours are given per year, plus 15 hours of practical classes; at the 
Facultad de Ciencias Medicas in Rosario a total of 56 hours. 

Australia.—Undergraduate training does not differ greatly from that in other areas. 

Austria.—At the Universitéts-Augenklinik in Vienna 190 hours are devoted to ophthalmology, 
Plus 30 hours for practical demonstrations; at the Il Augenklinik in Vienna 175 hours plus 
15 hours for practical work. 

Belgium.—At the University of Brussels 35 hours; at the University of Li¢ge 51 hours; at the 
University of Ghent 34 hours, plus 34 hours for practical démonstrations. 

Brazil.—At the Escola Paulista de Medicina 30 hours are devoted to instruction, plus 30 hours 


of practical exercises with patients; at the Faculdade de Medicina da Universidade do Recife 
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36 hours; at the Faculdade de Medicina do Pard 60 hours, equally divided between theoretical 
and practical work; at the Faculdade de Medicina da Universidade de Minas Geraes 68 hours 


for theoretical work and 136 hours for practical demonstrations; at the Faculdade de Ciencias 
Medicas da Universidade do Districto Federal 84 hours; at the Escola de Medicina e Cirurzia 


18 hours for lectures and 18 for practical work. 

Canada.—The pattern is very similar to that in the United States and most graduates take an 
internship. 

Ecuador.—At the Facultad de Medicina de Guayaquil 102 hours. 

Finland.—At the University of Turku 120 hours. 

France.—Undergraduates in the fifth year of their medical studies spend 2 months in the 


Department of Ophthalmology of the Medical School. Here they learn the elementary principles 
of ophthalmology that all doctors should know, and also how to examine patients. They are 


expected to pass an examination after this stage is over. 

Germany.—At, the Universitats-Augenklinik in Hamburg 102 hours, plus 102 hours of 
practical work; at the Akademie-Augenklinik in Dusseldorf and at the Universitats-Augen- 
klinik in Freiburg 102 hours; at the Freie Universitat in Berlin 238 hours; at the Universitits- 
Augenklinik in Greifswald 82 hours; at the Augenklinik der Karl-Marx Universitat in Leipzig 
105 hours; at the Augenklinik Allegemeines Krankenhaus in Barmbek and at the Universitats 
Augenklinik in Marburg 80 hours; at the Universitats-Augenklinik in Munich 60 hours; at the 
University of Cologne, the Universitats-Augenklinik in Kiel, and the Universitats Augenklinik in 
Erlangen 78 hours, plus 52 hours of ophthalmoscopy; at the Universitats-Augenklinik, Homburg- 
Saar, 104 hours, plus 52 hours of ophthalmoscopy; at the Universitats-Augenklinik in Bonn- 


Venusberg 26 hours, plus 26 hours of ophthalmoscopy; at the Department of Ophthalmology of 
the Rudolf Virchow Hospital in Berlin 64 hours a year, plus 32 hours of ophthalmoscopy; at the 


Universitats-Augenklinik in Berlin 100 hours. 

India —Undergraduate training in India reflects the widespread incidence of ophthalmic 
disease and appears to be more comprehensive than in other countries surveyed. 

Japan.—At the University of Tokyo 180 hours. 


Peru.—At the Facultad de Medicina de la Universidad de San Marcos in Lima 40 hours. 

Portugal.—At the Clinica Oftalmologica dos Hospitaes da Universidade de Coimbra and at 
the other two medical schools in Lisbon 140 hours. 

Spain.—At the Facultad de Medicina de Barcelona and at the Clinica Oftalmologica de la 
Beneficencia Provincial in Madrid 96 hours are devoted.to theoretical classes and 12 hours to 
practical demonstrations. 

Switzerland.—At the Universitats-Augenklinik in Berne 28 hours are devoted to teaching and 28 
hours to ophthalmoscopy; at the Clinique Ophtalmologique Universitaire in Lausanne 28 hours 
to teaching, 14 hours to ophthalmoscopy, 28 hours to practical demonstrations, and 28 hours to 
pathological ophthalmoscopy. 

United Kingdom.—Undergraduate teaching in England, Scotland, and Wales follows the usual 
pattern of medical studies, of formal lectures, ward rounds, examination, and discussion. 
Generally, the hours of instruction at this level appear to be entirely adequate. 

United States of America.—The Ophthalmological Foundation, Inc., 111 E. 59th Street, New 
York 22, New York, surveyed the teaching in undergraduate medical schools and found a 
wide variation in the number of hours devoted to ophthalmology, ranging from a maximum 
of 84 to a minimum of 11 hours (average 44 hours). 

Venezuela.—At the Universidad Nacional del Zulia in Maracaibo 27 hours, plus 72 hours of 
practical demonstrations; at the Universidad Central de Venezuela in Caracas 156 hours divided 
between theoretical classes and practical demonstrations. 


(2) Post-graduate Teaching for the Training of Specialists 
Argentina.—Beginning in 1958 there is a 3-year course at the University of Buenos Aires, a 


2-year internship and a 2-year residence at the University of Cordoba, and a 2-year course at 
the University del Litoral, Rosario. 
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Australia.—Since 1945, training leading to the Diploma in Ophthalmic Medicine and Surgery 
has been available at the faculty of medicine at the University of Melbourne and at the medical 
school at the University of Sydney. Only four men each year, however, are trained at these, 
institutions and the others receive their training in England. After receiving his diploma, the 
young graduate is considered to be licensed to practise ophthalmology. (Presidential Address by 
A. L. Lance (1954). Trans. ophthal. Soc. Aust., 14, 7.) 

Austria.—The training of ophthalmologists takes 6 years after graduation from the medical 
school. At the Universitats-Augenklinik, Vienna, this period of training is full-time, 5 years for 
the study of ophthalmology and one year for the related sciences. At the II Augenklinik in 
Vienna, post-graduate training takes the form of a one-year internship followed by 5 years as an 
assistant in a recognized eye clinic. Generally speaking, the possibilities for a young doctor’ who 
receives his training in ophthalmology in Austria are very good. In spite of the fact that examina- 


tions are not mandatory everywhere, the order and tradition prevailing in Austrian clinics is such 
that an assistant studying for 4 years or more is bound to include ophthalmology in his studies. 


Belgium.—There is no organized post-graduate teaching in Brussels, but it is expected that 
ophthalmologists should have a 3-year period of training as full-time assistants in a University 
Clinic. At the University of Liége the training lasts 3 years full-time or 4 years half-time, candi- 
dates being expected to act as assistants during the period of training. At the University of Ghent 
post-graduate teaching is done by taking the candidate as a full-time assistant for 3 years at the 
University Eye Clinic. 

Brazil.—At the Escola Paulista de- Medicina, there is a full-time post-graduate course of one 


year’s duration; this was established in 1951 and is given annually. There is no post-graduate 
teaching at Recife or Para. In Minas Geraes a one-year post-graduate course was recently 


established; at the Faculdade de Ciencias Medicas da Universidade do Distrito Federal, a 10- 
month post-graduate course started in 1958 includes 640 hours of teaching. At the Escola de 
Medicina e Cirurgia do Rio de Janeiro there is a post-graduate course of 4 months’ duration, 
totalling 58 hours. 

Canada.—The Royal College of Physicians and Surgeons of Canada incorporated in 1930 has 
grown from an original group of 554 charter members to 2,018 at the present time. Those 
admitted to fellowship do so almost exclusively by examination, and this examination is modified 
for ophthalmology and for fifteen other specialties. Since 1939, the College has been acting as 
a certifying body in Canada and the Royal College Specialist Certificate is accepted as adequate 
qualification for recognition as a specialist in most though not all of the provinces of Canada. 
Certification in an approved specialty is intended to indicate that the candidate has taken at 
least the required minimum training and has demonstrated a satisfactory practical knowledge of 
ophthalmology. Certification does not admit the holder to fellowship in the College, however, 
Nor is it a degree. The standards required for admission to fellowship are higher than those for 
certification; candidates must display equal or greater clinical proficiency than candidates for 
certification and must have a greater appreciation and broader understanding of the basic science 
and fundamental principles of medicine and surgery. The Royal College requires, in all specialties, 
4 years of approved training beyond the junior or general internship; two of these 4 years must be 
Spent in approved resident training in the specialty, and the other two provide a considerable variety 
of choice. The regulations and requirements for the post-graduate training for the examinations 
of the Royal College were published in 1956 and may be obtained from the Secretary, Royal 
College of Physicians and Surgeons of Canada, Ottawa, Canada. 

Chile.—An 18-month intensive course was established in 1957. 

Ecuador.—There is no post-graduate teaching of ophthalmology. 


Finland.—At the University of Turku there is post-graduate teaching of 3 years’ duration 
during which the candidate must work as an assistant at the University Clinic. 

France.—Post-graduate teaching is of 3 years’ duration; the first and second year consist of 
theoretical and practical classes, and in the third year the candidate becomes a full-time assistant 
in the Department. At the end of each year the candidate is required to pass an examination. 

Germany.—At the Universitats-Augenklinik in Hamburg there is a 3-year post-graduate course 
as assistant. At the Akademie-Augenklinik in Dusseldorf there is no regular post-graduate 
teaching but there are facilities to learn ophthalmology. In the Universitats-Augenklinik in 


Freiburg there are facilities for post-graduate training: 2 years’ internship and 3 years’ 
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residence. The Freie Universitat in Berlin offers no post-graduate course in ophthalmology. 
At the Universitats-Augenklinik in Greifswald post-graduate training takes the form of one 
year’s internship and 3 years’ residence. At the Augenklinik of the Karl Marx University 
there is post-graduate training of 5 years’ duration: one year’s internship, one year’s practice 
in a small community, and 3 years’ residence. At the Augenklinik of the Allegemeines Kranken- 
haus in Barmbek there is post-graduate training of 2 years’ duration. At the Universitats 
Augenkiinik in Munich, the Homburg-Saar Universitats-Augenklinik, the Augenklinik in 
Cologne, and the Universitats-Augenklinik in Kiel there are post-graduate courses of 3 years’ 
duration. The Universitats-Augenklinik in Bonn-Venusberg offers post-graduate training in the 
form of one year’s internship and 3 years’ residence. The Universitaéts-Augenklinik in Erlangen 
offers post-graduate training in the form of 2 years’ internship and 3 years’ residence. At the 
Rudolf Virchow Hospital, the Berlin Universitats-Augenklinik, and the Universitats-Augenklinik 
in Marburg, there is post-graduate training in the form of one year’s internship and 3 years’ 
residence. : 

The opportunities for a young doctor who receives his training in ophthalmology in Germany 
are similar to those obtaining in Austria. 

India.—Post-graduate training at a number of universities leads to the Diploma in Ophthalmic 
Medicine and Surgery at the end of 1 or 2 years, and-other universities offer'a degree of Master 
of Surgery in ophthalmology. Both these qualifications are recognized by the All-India Medical 
Council. After this training further intensive hospital work may be taken, and training is still 
taken in London before hospital work in India. 

Japan.—Post-graduate training of ophthalmologists requires the candidate to work as an 
assistant at the University Clinic for 4 to 5 years, and then to present a thesis. 


Mexico.—At the Universidad Autonoma de la Ciudad Mexico there seems to be no organized 
post-graduate training. 
Perii.—There is as yet no organized post-graduate training for ophthalmologists. 


Portugal.—At the Instituto de Oftalmologia Gama Pinto in Lisbon post-graduate teaching 
includes 2 years’ internship and 3 years’ residence. The same applies to the Department of 
Ophthalmology of the Hospitals of the University of Coimbra. After training the candidates 
have to pass an examination before the Board of the Order of Ophthalmologists before becoming 
fully qualified. 

Spain.—At the Clinica Oftalmologica de la Beneficencia Provincial in Madrid post-graduate 
training is given by taking candidates as assistants at the ophthalmological clinics. 


Switzerland.—At the Universitats-Augenklinik in Berne, post-graduate teaching requires the 
candidate to become an assistant for 3 years after a one year’s internship. The same applies to 
the Clinique Ophtalmologique Universitaire in Lausanne. Although no examinations are 
required the calibre of the clinics is such that a 4-year period of internship and residence compels 
the candidate to learn ophthalmology. 

United Kingdom.—Post-graduate training after the completion of the medical school course is 
at two broad levels. The Diploma in Ophthalmology requires two terms of a university year 
and a 12-month resident appointment or clinical assistantship in a recognized eye unit. The two 
university terms embrace basic subjects in ophthalmology and clinical ophthalmology, including 
pathology and an introduction to orthoptics. The Fellowship of the Royal College of Surgeons 
or a Surgical Mastership of a university require at least 3 years of specialized training. Many 
take the diploma course and proceed to the higher examination, learning as residents or on the 
outpatient staff of a hospital. Tutorials in pathology and other basic subjects are arranged 
in preparation for the top-level specialists’ examination. 


United States of America—Formal training in ophthalmology is not legally required before 
setting up in practice. However, the regulations of many hospital staffs and the legal requirement 
that one purporting to be a specialist should exert a degree of skill comparable to that of other 
specialists in the country, has tended to channel nearly all would-be ophthalmologists to formal 
training in ophthalmology after graduation from a medical school. There are no federal laws 
governing medical practice, but in many states an internship of one year is required after gradua- 
tion. In some states this training must be taken in rotation with service in medicine, surgery, 
pediatrics, and obstetrics, with’ various specialties contributing more or less. The majority of 
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internships in the United States are not offered in hospitals attached to medical schools, ‘and it 
must be recognized that most post-graduate medical education is not under medical school aegis. 
Though there is no legal requirement for certification in ophthalmology in the United States, the 
tendency is for nearly all those practising ophthalmology, particularly in urban communities, to 
seek certification. This requires graduation from an approved medical school, one year of intern- 
ship, and 3 years of progressive resident training. One of these years may be spent on a basic 
science course, which covers anatomy, biochemistry, geometrical and physical optics, and similar 
fundamental topics. There are approximately 700 openings for residents in ophthalmology in 
the United States; the majority of these are not attached to medical schools but recognition as a 
teaching institution requires the institution to offer competent training in ophthalmology in all 
phases. At the conclusion of residence, the trainee should be competent to care for and manage 
patients medically and surgically without supervision. Information concerning residentships in 
the United States and the essentials of approved residentships and fellowships may be obtained 
from the Council of Medical Education and Hospitals of the American Medical Association, 
535 North Dearborn Street, Chicago 10, Illinois. 

Venezuela.—At the Universidad Nacional del Zulia, Maracaibo, and at the Universidad Central 
de Venezuela, Caracas, there is no post-graduate training in ophthalmology. In Barquisimeto, 
however, during the last few years a post-graduate course has been arranged, which includes 
2 years’ internship and 3 years’ residence. 


(3) Further Training of Fully-Qualified Specialists 


There are facilities for further education in the form of refresher courses, specialized 
courses, and courses on recent research in most countries. In some this teaching is done 
by the universities, but in the majority it is carried out by the societies of ophthalmology, 
the programmes of which are becoming more interesting through the exchange of ideas 
which is now taking place between the secretaries of the different ophthalmological 
societies throughout the world under the auspices of the International Association of 
Secretaries of Ophthalmological and Otolaryngological Societies. 

Canada.—Post-graduate training in ophthalmology is offered notably at the University of 
Toronto, where an annual course in surgery of the eye for specialists is offered. 


India.—Post-graduate training for specialists already trained in ophthalmology is not generally 
offered in India, but there is considerable movement on foot towards the establishment of such 
training under the auspices of the medical societies. 


United Kingdom.—Post-graduate specialist training in the United Kingdom is not formalized, 
but the size of the country and the ease of travel permit the exchange of information and many 
visits from: one centre to another. 


United States of America.—Post-graduate courses in various specialties have become extremely 
popular; these are sponsored by medical schools, hospitals, and medical societies, and vary in 
length from one day to many weeks. Information concerning these courses may be obtained from 
the American Medical Association, 535 North Dearborn Street, Chicago 10, Illinois. 


The publication of these data is of great importance since, if the professors of 
ophthalmology throughout the world know what is being done in other countries, 
they may be stimulated to improve their own methods and to establish better 
teaching facilities. 

The United States and Canada, Great Britain, France, Germany, Austria, and 
Switzerland offer very good facilities for the training of ophthalmologists. In 
Many other countries facilities have been improving in recent years, and it is to 
be hoped that in a not too distant future they will be available everywhere. 


Moacyr E. ALVARO 
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OBITUARY 


ANDRE MAGITOT 
1877-1958 


The death of Magitot is a loss which will be felt far beyond the boundaries of French 
ophthalmology, for he had attained the position of a world figure of repute, particularly 
in ophthalmic physiology and its application to disease. 

Magitot became an interne des hépitaux in Paris in 1903 and in 1907 served in the clinic 
of Victor Morax; in 1935 he succeeded Poulard at the Lariboisiére where, apart from his 
necessary flight during the German occupation of Paris because of his Jewish origin, he 
remained as senior surgeon until he was succeeded by Edouard Hartmann in 1946. 
Thereafter his interest in ophthalmology continued unabated, and he retained his active 
editorship of the Annales d’Oculistique until his sudden death at the age of 82, on Sep- 
tember 6, 1958, just as he was preparing to come to the International Congress in Brussels. 

There is no doubt that Magitot was one of the most able and original of the ophthal- 
mologists of a previous generation. His initial researches concerned the development of 
the eye, based on his personal collection of seventy human embryonic and foetal eyes of 
all ages, as well as the circulation in the optic nerve and chiasma. There followed his 
classical researches on the nature of the aqueous humour, the ocular circulation, and the 
control of the intra-ocular pressure. He was the first to demonstrate the viability of the 
cornea after death and was a pioneer in the application of this knowledge to the practice 
of corneal grafting. But the work for which he will be most remembered is his life-study 
of the pathogenesis and clinical features of primary glaucoma which he pictured as a 
medical disease usually of mesencephalic origin; in a long series of papers he insisted 
that the rise in ocular tension was merely a symptom, the mechanical relief of which by 
surgery was palliative but not curative. The brilliance of his intellect, the enthusiasm 
with which he threw himself into his work, and the originality of his views earned him a 
unique place among the ophthalmologists of France, and the breadth of his culture and 
the attractiveness of his personality endeared him to many in a much wider circle. 


ALEXANDER MELLICK 


Alexander Mellick was a studious and kindly ophthalmologist who died suddenly on, 
October 19, 1958. He qualified at Glasgow in 1926, taking the admirable B.Sc., M.B., 
Ch.B. course of those days withCommendation. He was an assistant physician to Out- 
Patients at the Glasgow Royal Infirmary for several years and, at the same time, engaged 


in general practice. It was during this period that he prepared a thesis on Hepatic 
Efficiency for the degree of M.D. In 1933 he was appointed a clinical assistant to the 
Glasgow Eye Infirmary; he worked his way through the various staff appointments, 
served during the war as an ophthalmic specialist with the rank of major, and on his 
demobilization in 1946, was made a surgeon in charge of beds at the Southern General 
Hospital. He was also ophthalmic surgeon to the Glasgow Fever Hospitals and Sana- 
toria. In 1949 he was admitted a Fellow of the Royal Faculty of Physicians and Surgeons 
and became a Surgeon to the Glasgow Eye Infirmary. He was a member of the Ophthal- 
mological Society of the United Kingdom and of the Oxford Ophthalmological Congress, 
and contributed several papers to the British Journal of Ophthalmology on aspects of 
squint. Alexander Mellick was a good amateur pianist with a deep appreciation of music. 
We have lost a quiet and retiring colleague at the relatively early age of 55. 
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COMMUNICATIONS 


AQUEOUS OUTFLOW CHANNELS IN THE 
TRABECULAR MESHWORK IN MAN* 


BY 


JOHN SPEAKMAN 
Department of Pathology, Institute of Ophthalmology, University of London 


MANY anatomical studies of the meshwork have been made in order to define 
accurately the pathways utilized by the aqueous in reaching the canal of 
Schlemm. Recent papers confirm the classical division of the trabecular 
fibres into an inner uveal component extending between the termination of 
Descemet’s membrane and the root of the iris, and an outer corneo-scleral 
component which joins the innermost corneal lamellae to the scleral spur 
thus forming the inner wall of the canal. There persists in the literature, 
however, a fundamental disagreement regarding the nature of the filtration 
channels adjacent to the canal. There are those, like Ashton, Brini, and 
Smith (1956), who believe that the perforations in the lamellae continue as 
far as the wall of Schlemm’s canal; and there are others like Flocks (1956), 
who was unable to demonstrate openings into the canal and therefore sug- 
gested the possibility of aqueous “squeezing between the endothelial 
membranes” surrounding the collagen fibres. The openings in the inner 
wall of the canal referred to in the past as Sonderman’s canals, are too 


inconstant a feature of the meshwork to be significant, and yet if there are 
no direct channels communicating with the canal, how can one account for 
the passage of particulate matter, including red blood cells, from the anterior 
chamber into the collector channels. The present study of the anatomy of 
the drainage channels has been made in an attempt to elucidate this problem 
further. 


Material and Methods 


Human eyes containing malignant melanoma, which were rapidly fixed after 
enucleation and premature baby eyes from 6 months to full-term were used in 
this investigation. The trabecular region was exposed in the filtration angle by 
cutting away the iris, and successive layers of fibres were removed with the help 
of a dissecting microscope and fine forceps and placed beneath a coverslip where 
they could be stained under direct observation. The inner wall of Schlemm’s 
canal was exposed by making two cuts parallel to Schwalbe’s line through the 
trabeculae into the canal and folding back the fibres thus released. Thin frag- 
ments removed from the inner wall of the canal made possible a detailed study of 
the finer drainage channels which open into its lumen. Additional information 
was obtained by examining paraffin sections of small blocks of Schlemm’s canal 
which were removed intact from the eye by gross dissection and cut in a variety of 


* Received for publication October 13, 1958. 
+ Wernher Pigott Research Fellow, from the Department of Ophthalmology, University of Toronto. 
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planes. Polychrome methylene blue stain was used for studying cellular detail 
and the Mallory and Rinehart-Abul-Haj stains were helpful in differentiating the 


fibre and cellular components. 
Findings 
Uveal Meshwork 


The foetal uveal meshwork is incompletely differentiated from the main 
mass of trabecular cells, but near the iris root the beginnings of the adult 
pattern can be studied in flat preparations (Figs 1 and 2). They consist of 
layers of cells disposed in rows around thin bundles of fibres. The cyto- 
plasm of the cells in some places forms a membrane which stretches between 
the fibres like a diaphragm. These sheets of cytoplasm are thinnest at the 
centre of the trabecular units and usually one or more oval or round per- 
forations can be seen. As growth proceeds the openings enlarge and the 


Fic. 1.—Flat preparation, showing abrupt transition from vacuolated corneal 
endothelium to immature cells and fibres of premature corneo-scleral meshwork. 


x 


Fic. 2 (a, b).—Flat preparations, showing different stages in dienes of openings 
in uveal meshwork. x 630. 
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membranes of cytoplasm largely disappear. The numerous large ovoid 
nuclei contain many granular elements and have well-defined nuclear 
membranes. The fibres at this age consist of many fine collagen bundles 
which are completely surrounded by cytoplasm. Although the openings in 
the uveal meshwork are much smaller than in the adult, they appear quite 
adequate to permit the flow of aqueous into the corneo-scleral meshwork. 
The adult uveal meshwork consists of dense bundles of fibres which 
terminate on one side of the filtration angle in the hyaline substance forming 
Descemet’s membrane and on the other side are firmly attached to the con- 
nective tissue of the iris root and to the ciliary muscle (Figs 3a and 5b). 


Fic. 3 (a, 5).—Flat preparation of adult uveal meshwork, showing anterior ter- 
mination at Schwalbe’s line and posterior attachment to root of iris. 60. 


Between these attachments the fibres form a lace-like pattern of large open- 
ings and there are numerous connexions with fibres of the adjacent corneo- 
scleral lamellae. Cytoplasm surrounds the fibres in a continuous layer but 
in places small vacuoles are present. The small darkly-staining nuclei are 
more dispersed and appear closely applied to the fibres, and the nuclear 
membrane is less conspicuous than in cells of the premature meshwork. 
Occasionally, melanophores containing pigment granules in their cytoplasm 
can be seen encircling the uveal fibres. It is obvious in the adult that 
aqueous can flow without difficulty through the large openings in the uveal 
meshwork which lead to the deeper layers. 


Corneo-Scleral Meshwork 


The foetal corneo-scleral meshwork is made up of a number of flat lamellae 
consisting of a syncytium of cells one or two layers in thickness. The cells 
have large prominent nuclei and between them are formed bundles of fine 
collagen fibres which are the forerunners of the broad heavy collagen beams 
seen in the adult eye. Although in flat preparations the tissue may appear 
solid, one can see in thin areas a basic pattern of large well-defined flat and 
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spiral openings in the sheets of cells and fibres which provide intercommunica- 
tions between adjacent spaces (Figs 4a and 5). 


Fic. 4 (a, ).—Flat preparations, showing circular and spiral openings in premature 
corneo-scleral meshwork. x 630. 

As growth and differentiation of the eye proceed, more collagen fibrils are 
synthesised, and eventually an intricate network of interlacing fibres forms 
which becomes the most conspicuous component of the adult meshwork. 
It is essential, however, to consider the cellular elements when assessing the 
calibre of the drainage channels. If in dissecting flat preparations a very 
thin fragment of tissue is removed, a false impression of the porosity is 
obtained because most of the cells are pulled away from the fibres (Fig. 5). 


Fic. 5.—Flat preparation of adult 
corneo-scleral meshwork, show- 
ing false openings created by 
removing cellular elements nor- 
eo” present between the clefts. 
x 5 ®: 


In order to obtain a truer picture it is necessary to examine thicker prepara- 
tions where the cellular elements are undisturbed. Then it is seen that 
during the development of the meshwork the layers of cytoplasm remaining 
in the clefts between the fibres perforate and become drawn into fine strands 
(Figs 6 and 7, opposite). Thus new small openings form in the lamellae sep- 
arating the trabecular spaces in addition to those present in the immature eye. 
These openings can still be recognized by their larger size, their smooth spiral 
or circular contour, and the absence of cytoplasmic remnants. The simple 
basic pattern of intercommunication in the premature meshwork is obscured 
in the adult by this increase in the number and complexity of the openings. 
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Fic. 6.—Flat preparation of corneo- Fic. 7.—Paraffin section, showing strands 
scleral meshwork, showing strands of of cytoplasm in drainage channels and 
cytoplasm crossing a cleft and encircling vacuoles in cytoplasm covering fibres. 
afibre. x 1200. x 630 
The scleral meshwork immediately adjacent to the inner wall of Schlemm’s 
canal is the most interesting and at the same time the most difficult region of 
the meshwork to visualize. There is a gradual change in the corneo-scleral 
meshwork as the canal is approached, which is particularly noticeable in the 
connective tissue component. The thick bands of collagen forming the 
skeleton of the meshwork become much thinner, and individual collagen 
fibres can be identified between the thin layers of cytoplasm which line the 
lamellae. The bundles of fibres which run nearly parallel to the lumen of 
the canal form a series of troughs and crests, and the clefts between the 
fibres become long narrow slits. The cells in this region have nuclei with 
very irregular contours, and many of them which contain pigment granules 
in their cytoplasm are probably macrophages or melanophores which have 
wandered through the meshwork from the anterior chamber (Fig. 8). 


Fic. 8.—Pleomorphic cells found 
in meshwork near Schlemm’s 
canal. x 840. 


The cytoplasm lining the corneo-scleral meshwork often shows a fine 
vacuolation, and in some of the cells near the inner wall the vacuoles become 
quite large making it difficult to assess the porosity, particularly in paraffin 
sections. Teased preparations show that the drainage pathway consists of 
a series of intercommunicating channels about 10 in width which run 
obliquely to each other at different levels just inside the wall of the canal, 
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and can be traced for distances of 30 to 5Qu. The cells in this region, by 
separating the thin collagen lamellae, maintain the porosity of the meshwork. 


Trabecular Wall of Schlemm’s Canal 

Flat preparations show that the scleral wall of the canal is relatively smooth 
but that the trabecular wall has numerous deep grooves in its surface 5 to 
20 in width and 50 to 100y in length (Fig. 9a). Scattered over the trabecular 
wall are numerous ovoid and circular openings which lead into the drainage 
channels in the meshwork (Fig. 9 and Fig. 12,/opposite). Because they do not 
form a definite pattern it is not possible to determine their total number by 
scanning a limited region of the inner wall. Some areas are completely devoid 
of openings whereas in one oil-immersion field seven openings were counted 
with the following dimensions: 12 «6p, 12 Sp, 11 x8, 11x Ju, 7 x 2u, 
8x 5u, and 5x4y. Although the majority of openings are flat, others at 
the end of a narrow groove resembled the exit from a railway tunnel with 


dimensions of: 8 x 5u, 14 x 5u, and 5 x Sy. 


Fic. 9 (a, b).—Flat preparation, 
showing grooves and openings on 
trabecular wall of Schlemm’s 
canal. (a) x 915; (6) x 1200. 
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A most interesting feature is the extensive vacuolation present in the 
cytoplasm lining the trabecular wall (Figs 10 and 11). Near the raised ovoid 


nuclei where the cytoplasm is thicker, there may be one or two large vacuoles 
up to 5p in diameter. A striking resemblance was noted between the 


vacuolation in these cells and the vacuolation seen in corneal endothelium, 


Fic. 10.—Flat preparation, showing vacuoles in 
endothelial cells lining inner wall of Schlemm’s 


canal. x950 


Fic. 11.—Paraffin section through 


vacuolated cells on wall of 
Schlemm’s canal. 380. 


Fic. 12,—Drawing of openings, 
BrOoveS, and vacuolated cells on 


Schlemm’s canal illustra- 


ted i in n Figs 9and10, 750. 
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although in the cornea where the cells are packed more closely together the 
vacuoles are more profuse (Fig. 1). Fresh unfixed endothelium from a 
rabbit’s cornea was therefore studied by phase microscopy and it was found 
that a similar degree of vacuolation developed very rapidly even though the 
cells were immersed in warm Tyrode’s solution. 

Oblique and flat paraffin sections of the canal wall demonstrated the 
vacuolated nature of the lining cells (Fig. 11), but it was not possible to 
recognize the openings seen in the flat preparations because of the limitations 
imposed by the thickness of the sections. Irregularities due to the grooves 
in the inner wall resembled structures referred to in the literature as Sonder- 
man’s canals. The flat preparations showed however that only a few of the 
smaller grooves, 5. in width, opened directly into the meshwork. 

Discussion 

A comparison of the openings in the uveal meshwork in adult and pre- 
mature eyes shows how much the fibres lengthen during development. The 
growth and differentiation necessary to produce enlargement of the openings 
also accounts for the alteration in the configuration of the filtration angle 
with increasing age. No evidence wa$ found to support the concept of a 
special process of cleavage in the filtration angle which has been postulated 
by Allen, Burian, and Braley (1955). 

The ultimate filtration channels described in this paper support the view 
that direct communications exist between the anterior chamber and 
Schlemm’s canal. Ashton and others (1956) have previously described 
stomata in the trabecular wall of the canal and have illustrated one in a flat 
preparation. However, it seems likely that many of the endothelial lined 
defects, known as Sonderman’s canals, which he and others have illustrated 
in paraffin sections, are actually grooves on the inner wall of the canal, and 
are not the true openings, although they may lead to them. The unequivocal 
demonstration of the openings and grooves on the inner surface of the canal 
wall should bring to an end the controversy and conflicting reports in the 
literature regarding the nature of the filtration channels in this region. 

The openings themselves are considerably larger than Huggert (1955) and 
Francois, Neetens, and Collette (1955) have predicted on the basis of per- 
fusion experiments with particulate matter. Their size, which is approxi- 
mately 10 in diameter, permits red blood cells to penetrate the outer layers 
of the meshwork without difficulty. 

The total number of pores on the inner wall of the canal in a single eye 
could not be determined accurately, but it is clear from a study of flat pre- 
parations that they occur very frequently. The extent of individual varia- 
tions and the possibility of changes with increasing age are questions which 
may be answered by further investigation. 

At the present time it is difficult to assess the significance of the vacuolated 
cells on the inner canal wall, which Garron, Feeney, Hogan, and McEwen 





AQUEOUS OUTFLOW CHANNELS 137 


(1958) have also recently demonstrated by electron microscopy of rapidly- 
fixed human eyes. If these cells have a function similar to that of the corneal 
endothelium, as their marked tendency to imbibe fluid suggests, it may be 
that they control the degree of turgescence within the trabecular fibres close 
to the canal wall. 

In view of the extreme narrowing of the drainage channels near Schlemm’s 
canal, it is apparent that only very small alterations in the size of the cells 
or in the thickness of the collagen fibres would be necessary to alter outflow 
resistance. Up to the present time there has been little convincing evidence 
to account for the increased resistance to outflow in chronic simple glaucoma. 
It may be that pathological obstructions as yet unrecognized begin in the 
finer drainage channels carrying aqueous through the inner wall of the canal 
of Schlemm. 

The possibility that other cases of chronic simple glaucoma may result 
from a functional disorder of the trabeculae rather than from primary 
structural change must also be considered. Any tendency for the lamellae 
of the corneo-scleral meshwork and the inner wall channels to collapse 
together would be followed by increased outflow resistance. Conversely, 
any Opening-up of the meshwork should have the reverse effect. Certainly 
the rapid action of pilocarpine in reducing outflow resistance in cases of open- 
angle glaucoma is evidence against a simple obstruction in the drainage 
pathway. It appears very likely that pilocarpine and the act of accommo- 
dation alter outflow resistance through their action on the trabecular mesh- 
work via the ciliary muscle, but the precise mechanism by which this is 
brought about must remain speculative until additional evidence is available. 


Summary 


(1) A comparison of the trabecular meshwork in the premature and adult 
eye shows that as development progresses there is an increase in the size 
and number of openings in the inner lamellae and an increased deposition 
of collagen in the fibres. 


(2) Near the canal of Schlemm the aqueous travels through the meshwork 
in a series of thin-walled intercommunicating channels which enter the 
lumen of the canal by means of numerous ovoid openings approximately 10u 
in diameter. The total number of these openings which may be present in 
a single eye could not be determined accurately, but in one oil-immersion 
field it was possible to identify seven. 


(3) The cells lining the trabecular wall of the canal show a remarkable 
degree of vacuolation very similar in appearance to the vacuolation which 
is known to occur in the corneal endothelium as a result of the post-mortem 
imbibition of fluid. This may indicate a functional similarity between these 
cells. 
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I am greatly indebted to Prof. Norman Ashton for his helpful advice and suggestions during 
the preparation of this paper. I also wish to thank Mr. B. Fiddy for his valuable technical 
assistance. 
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ENDOTHELIAL CELL VACUOLATION IN THE CORNEA* 


BY 


JOHN SPEAKMANT 
Department of Pathology, Institute of Ophthalmology, University of London 


IN a recent study of the drainage channels through the trabecular meshwork 
(Speakman, 1959), attention was directed to a remarkable degree of vacuo- 
lation in the endothelial cells lining the trabecular wall of Schlemm’s canal 
which has also been described in an electron microscopic study of this 
region by Garron, Feeney, Hogan, and McEwen (1958). Since endothelial 
cells of the cornea are in direct continuity with those of the meshwork and 
are more readily studied, a detailed examination of these cells has been made 
in an attempt to elucidate further the significance of the vacuolation present 
in the cells lining the inner wall of Schlemm’s canal. 

In the literature, the corneal endothelium has been described as a mosaic 
of hexagonal cells, and reference has recently been made to an abundant 
cement substance located between the cells, which can be seen with the 
phase microscope or with special stains (Wolter, 1957; Vrabec, 1958; Chi, 
Teng, and Katzin, 1958). 

Descriptions of the patterns formed by the so-called cement substance 
vary greatly from one paper to another and also, according to Vrabec, in 
different regions of the same eye. 

It will be shown that these findings are not a result of alterations in the 
distribution of cement substance but are due to rapid post-mortem vacuolation 
which produces a variable distortion of the cells. 


Materials 

Human eyes were studied which had been removed because of suspected intra- 
ocular tumours and fixed in the usual way by dropping the unopened eye into 
10 per cent. formalin solution. Comparisons were made with cat and rabbit eyes 
which were placed opened and unopened in a variety of fixatives. The phase 
microscope was employed to follow the development of vacuolation in unfixed 
endothelium immersed in warm Tyrode’s solution, and Indian ink in gelatine was 
tun over the surface of the corneal endothelium to outline the cell boundaries and 
to demonstrate the vacuoles. 


Observations 


(1) Vacuolation in the Endothelium of the Trabecular Meshwork 


In a previous paper (Speakman, 1959) reference was made to fine vacuola- 
tion which can be recognized occasionally in the cytoplasm of the uveal 
meshwork and frequently in the cytoplasm surrounding the corneo-scleral 
fibres. In flat preparations much larger vacuoles can be seen in the 
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endothelial cells lining the trabecular wall of the canal, which vary in dia- 
meter from 2 to 5u and often appear at each end of the fusiform nuciei 
(Fig. 1). Sections through the inner wall of the canal show the vacuolated 
cells cut in a variety of planes (Fig. 2a, b). They are a constant feature of 
the inner wall and have been seen in numerous flat preparations and sections 
of this region in both premature and adult eyes. 


Fic. 1.—Flat preparation of trab- 
ecular wall of Schlemm’s canal, 
showing vacuoles in endothelial 
cells. Human. Rinehart Abul- 
Haj stain. x 950. 

(Figs 1 to 6: delayed formalin 
fixation). 


Fic. 2 (a and b).—Sections through vacuolated cells on wall of Schlemm’s canal. Human. 
Mallory stain. x 950. 
(2) Vacuolation in the Corneal Endothelium 

(a) Delayed Fixation.—Paraffin sections of human and rabbit corneae 
from unopened eyes fixed in 10 per cent. formalin show a similar marked 
degree of vacuolation, which is more conspicuous in the cornea because the 
cells are packed more closely together (Fig. 3, opposite). Flat preparations 
of human eyes show how abruptly the gross vacuolation stops at Schwalbe’s 
line in the premature baby (Fig. 4, opposite), and in the adult large vacuoles 
can be seen filling the cells and displacing the nuclei (Fig. 5, opposite). The 
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Fic. 3.—Section through vacuola- 
ted cornealendothelium. Rabbit. 
Haematoxylin andeosin. x 950. 


Fic. 4.—Flat preparation, showing abrupt 
transition from vacuolated to normal endo- 
thelium at Schwalbe’s line. Premature 
human. Polychrome methylene blue stain. 
x 380. 


Fic. 5.—Flat preparation, showing vacuoles 
in corneal endothelium. Human. Rinehart 
Abul-Haj stain. x 950. 


Fic. 6.—Flat preparation of corneal endothe- 
lium treated with Indian ink to outline large 
= and cell boundaries. Human. 
x . 


cytoplasm which forms the walls of the larger spaces is itself riddled with 
fine vacuoles. 

The phase microscope shows the large vacuoles distorting the cells, but 
there is no evidence of any cement substance uniting the cells and a hexagonal 
pattern cannot be recognized. However, if Indian ink in gelatine (Fig. 6) 
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is run over the surface of the endothelium in small quantities and allowed io 
harden, it forms large globular masses inside many of the vacuoles which 
open to the surface, and in depressions at the cell boundaries forms thin black 
lines which have a hexagonal pattern. Some of the pale areas within the 
cells are due to nuclei and others to vacuoles which did not open to the 
surface. 

The distortion of the cytoplasm produced by the vacuoles shows that the 
customary procedure of placing intact eyes in fixative is not adequate for 
preserving the normal appearance of the corneal endothelium. 


(b) Rapid Fixation.—It was felt that, if the vacuolation within the endo- 
thelial cells was due to post-mortem change, more rapid fixation techniques 
might prevent its occurrence. Corneae were therefore removed from the 
eyes of anaesthetized animals and placed immediately into various fixatives 
before examination. Rabbit corneal endothelium was removed in this way, 
and portions were fixed in formalin and others in osmic acid. Under low- 
power magnification with the phase microscope the formalin-fixed specimens 
appeared homogeneous, but under high-power magnification numerous fine 
vacuoles were seen throughout the cytoplasm. These appeared to con- 
centrate and coalesce at the periphery of the cell, where occasionally clear 
channels formed, outlining the cell boundary. When osmic acid was used 
as fixative the cytoplasm appeared uniformly granular and no definite 
vacuoles were seen (Fig. 7). 


Fic. 7.—Flat preparation of corneal endothelium 
rapidly fixed with osmic acid, showing absence 
of vacuoles. Rabbit. Phase x 950. 


In the cat endothelium, rapidly fixed in formalin and examined under low- 
power magnification by phase microscopy, a well-defined clear zone could 
be seen at the periphery of the cells, forming a hexagonal pattern. Under 
high magnification the clear zone was seen to consist of rows of smail vacuoles 
lying side by side or superimposed upon each other (Fig. 8a). Some of the 
vacuoles appeared to have coalesced and others were located in the centre of 
the cells. In specimens stained with polychrome methylene blue the larger 
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Fic. 8.—Flat preparation of corneal endothelium rapidly fixed in formalin, showing (a) 


rows of vacuoles at the cell periphery, (6) argyrophilic granules in cytoplasm and at cell 
boundary. Cat (a) Phase x 950; (6) Bielschowsky stain. x 950. 


vacuoles could still be recognized in rows at the periphery of the cells. In 
silver-stained preparations argyrophilic granules were present in the cyto- 
plasm and precipitated stain formed a thin line at the cell boundary (Fig. 8b). 

In Carnoy-fixed tissue, vacuoles were not recognizable but numerous 
cracks and fissures appeared which were thought to result from shrinkage 
produced by the fixative. 


(c) Examination of Fresh Preparation.—In order to follow the development 
of vacuolation a fresh preparation of corneal endothelium from the rabbit 
was placed in warm Tyrode’s solution and studied with the phase microscope. 
Initially a clear zone was seen at the periphery of each cell comparable to that 
seen in the cat endothelium fixed rapidly in formalin (Fig. 9a, overleaf). 

At the end of 11 minutes this pattern disappeared and a number of 
large vacuoles formed within the cell distorting the normal cytoplasmic 
pattern (Fig. 9b, overleaf). 

This stage was comparable to the appearance of corneal endothelium re- 
moved from eyes where there had been a delay in fixation. Finally after 
72 minutes many of the cells ruptured and the nuclei disappeared, leaving a 
hexagonal pattern of dark lines formed by cytoplasmic granules adherent to 
each other at the periphery of the cell. Other cells retained their nuclei and 
contained large intercommunicating vacuoles (Fig. 9c, overleaf). 

This stage resembled the pictures of cement substance shown in recent 
publications by Chi and others (1958) and Vrabec (1958) whose vitally- 
stained preparations of corneal endothelium would inevitably have undergone 
extensive post-mortem change before fixation (Fig. 10, overleaf). 


Discussion 
There is a striking similarity between the vacuolation which develops in 
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(9c) (10) 
Fic. 9,—Vacuolation developing in unfixed Fic. 10.—Argyrophilic cytoplasmic granules 


corneal endothelium mounted in warm forming a hexagonal pattern at cell bound- 
Tyrode’s solution. aries of corneal endothelium. Some cells 


(a) Initial appearance; (b) after 11 minutes; have not burst, and in others clumps of 


(c) after 72 minutes. Rabbit. Phase x granules remain attached to Descemet’s 
400. membrane at the centre of the cell. Cat. 


McGovern stain. x 640, 


the endothelium lining the trabecular wall of Schlemm’s canal and the endo- 
thelium covering the back of the cornea. The large vacuoles in the corneal 
endothelium stop at Schwalbe’s line and in the endothelium lining Schlemm’s 
canal they are largely confined to the inner trabecular wall. Is there an 
explanation for this puzzling distribution? The transparency of the corneal 
stroma is dependent on an intact layer of endothelium lining Descemet’s 
membrane. When this layer is interrupted there is immediate clouding of 
the stroma due to the imbibition of fluid by corneal mucoid. The corneal 
endothelium, therefore, is essential in preventing the accumulation of excess 
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fluid in the stroma. In flowing through the trabecular meshwork, aqueous 
must pass through very narrow channels which are particularly attenuated 
near Schlemm’s canal. It is obvious that swelling of the trabecular fibres in 
this region (which, like the corneal stroma, consists of collagen fibrils in a 
mucopolysaccharide matrix) would seriously impede the outflow of aqueous. 
It seems reasonable therefore to suppose that the vacuolated cells on the 
wall of the canal are important in preventing swelling of the underlying 
fibres of the trabecular meshwork. Unfortunately, it is not known whether 
the trabecular fibres adjacent to the canal swell when the endothelium is 
selectively damaged, nor is it clear why the gross vacuolation should be con- 
fined to the canal wall. If the degree of vacuolation indicates the water- 
transporting capabilities of the cell it may be that the mucopolysaccharide in 
the fibres adjacent to the canal wall has an increased affinity for water not 
shared by the remainder of the meshwork. 

It would be of interest to prevent the changes occurring in the trabecular 
endothelium by devising a rapid fixation technique and using the corneal 
endothelium as a control. Garron and others (1958) found vacuoles in the 
lining of Schlemm’s canal in eyes which were perfused with fixative shortly 
after the death of the patient, and we have seen vacuolated cells lining the 
collector channels of the cat even though the eyes were opened and placed 
in formalin within minutes of the death of the animal. This procedure 
checked but did not completely prevent the development of vacuolation in 
the corneal endothelium, and it is possible that the less accessible cells of the 
collector channels were not reached quickly enough by the fixative. 

It is interesting that Nuel and Cornil (1890) appreciated the rapid post- 
mortem changes which occur in the corneal endothelium and pointed out 
that many writers had described the degenerate state as normal. They 
thought the changes were due to a process of cytoplasmic constriction and 
alteration of intra-cellular fibrils; they did not realize that the degeneration 
is the result of a progressive enlargement of intra-cellular vacuoles. The 
speed with which vacuolation occurs indicates the need for rapid techniques 
of fixation in histological studies of these cells. Any vital staining pro- 
cedures, for example the McGovern silver method used by Vrabec (1958) or 
the alizerine red technique used by Chi and others (1958) for staining cement 
substance, must be assessed in the light of the extensive post-mortem changes 
which these techniques inevitably produce. Physiological studies of the 
cornea employing excised eyes (Langham and Taylor, 1956; Harris, 1957) 
should also be re-assessed, because it is very unlikely that endothelial cells 
would function normally in vitro if the cytoplasm were grossly vacuolated. 
Our studies have shown how very difficult it is to prevent this degenerative 
change. They also indicate how readily the corneal endothelium may be 
injured by solutions or instruments introduced into the anterior chamber in 
the course of surgical procedures, and they emphasize the need for extreme 


care in handling this tissue, particularly in corneal grafting. 
10 
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Several recent papers (Flocks, 1958; Kornzweig, Feldstein, and Schneider, 
1958) describe pathological changes in the trabecular meshwork in cases of 
chronic simple glaucoma. In reports by Teng, Paton, and Katzin (1955) 
and Teng, Katzin, and Chi (1957), which have been widely quoted, degenera- 
tive changes are described in the region of Schlemm’s canal. Because their 
material was stored in an eye bank for an unstated period of time, it is im- 


possible to avoid the conclusion that gross post-mortem changes were present 
in the filtration angles of these and other eyes described in the literature 
where the interval between enucleation and fixation has been prolonged 
(Ashton and Speakman, 1958). Perfusion experiments on excised eyes are 
also open to criticism because of the degenerative changes which occur in 


the cells lining the drainage channels as soon as an eye is removed from its 
normal environment. : 


Summary 


The endothelial cells lining the posterior surface of the cornea and the trabecular 
wall of Schlemm’s canal develop numerous large vacuoles unless special fixation 
techniques are employed to prevent post-mortem change. The morphological 
similarity of the degenerative changes displayed by these cells and the rapidity of 
their onset suggest that the’endothelial cells in these two regions may also have 
important functional similarities. It follows, therefore, that an intact layer of 
endothelium (lining the inner wall of the canal) may be essential for maintaining 
a normal resistance to aqueous outflow through the narrow, attenuated drainage 
channels near the canal wall by preventing swelling of the trabecular fibres in this 
region. 

The findings indicate some of the difficulties in interpreting histological prepara- 
tions of the corneal endothelium and trabecular meshwork which have not been 
rapidly fixed, and in assessing the significance of in vitro experiments on the excised 


eye which concern the normal functioning of these cells. 


I am greatly indebted to Prof. Norman Ashton for many helpful suggestions during the pre- 
paration of this paper and to Mr. B. Fiddy for his valuable technical assistance. 
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ACTION OF METABOLIC POISONS ON THE 
ISOLATED RETINA 
RELATION OF HISTOLOGICAL TO BIOCHEMICAL LESIONS* 
BY 
D. R. LUCAS anp J. P. NEWHOUSE 


Wernher Group for Research in Ophthalmological Genetics 
(Medical Research Council), Royal College of Surgeons, London 


NoELL (1952, 1953a, b, 1955) reported that sodium iodoacetate (NalA), 


administered intravenously to rabbits, selectively destroyed the visual cells 
of the retina, an effect he attributed to interference with glycolysis. In 
previous work (Sorsby, Newhouse, and Lucas, 1957), we investigated the 
effects on the retina of a wide range of thiol reagents, administered intra- 
venously at maximum tolerated dosage to rats and rabbits. Of these, only 
iodoacetate (and bromoacetate in the rabbit) caused visible damage to the 
retina. In the intact animal, blood-retinal barriers and systemic detoxicating 
and excreting mechanisms are complicating factors which cannot be assessed. 
Furthermore, the maximum feasible dose is determined not by the sensitivity 
of the retina but by systemic lethality of the compound given. These diffi- 
culties could be avoided by studying the short-term effects of iodoacetate 
and other inhibitors on the isolated retina, maintained in vitro in a saline 
medium. By this means, one of us (Newhouse, 1959) has already found 
that several thiol reagents are able to inhibit retinal glycolysis almost as 


readily as NaIA, while others are able to depress respiration even more 
effectively. It seems doubtful therefore whether the singular retinal necrosis 
that follows parenteral iodoacetate is due simply to glycolytic inhibition. 

The present studies were made to determine whether, in the isolated retina, 
any relationship could be demonstrated between the known ability of NaIA 
and other thiol reagents to inhibit respiration, glycolysis, or both, and their 
capacity to cause cellular damage. 


Methods 


Animals.—Retinae from adult Dutch rabbits (1-5-2 kg.) or from adult rats 
(0:2-0°3 kg.) of the PVG strain were used. 


Preparation of Tissue.—Animals were killed by spinal fracture. The eyes were 
at once removed and opened in ice-cold, oxygenated saline medium to which 
glucose (10 mM) had been added. The saline medium used during dissection 
was buffered with either bicarbonate or phosphate, according to the circumstances 
(see below). The retina of each eye was then dissected out as carefully as possible. 
Rat retina was used intact, but rabbit retina was cut into about ten pieces, each 
one including part of the area centralis. This material was distributed among 
8 conical flasks, each receiving tissue equivalent to about 2 mg. dry weight. A 
further retina or retinal piece was placed in fixative immediately after dissection 
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to serve as a processing control. The kind of flask used, whether of the Warburg 
or the Erlenmeyer type, did not affect the histological findings. 


Media.—The cytotoxicity of all inhibitors mentioned was assessed using 
material incubated, on separate occasions, in two different saline media, namely, 
Krebs-Ringer bicarbonate solution under O2:CO, (Krebs and Henseleit, 1932) 
and a comparable saline-phosphate solution under O2 (Cohen, 1949). The choice 
of buffer made no appreciable difference to the severity of the lesions produced but, 
because histological preservation of control material seemed somewhat better 
when the bicarbonate medium was used, the series of results obtained with the 
latter is here reported. In this series, each Erlenmeyer flask (25 ml.) received 
ice-cold saline bicarbonate medium (5 ml.), previously saturated with either 
O,:CO, (95:5) for aerobic studies or N:CO, (95:5) for the few anaerobic experi- 
ments performed. The substrate was always glucose (10 mM), except in two 
experiments, described later, in which sodium pyruvate (20 mM) was used. 


Inhibitors.—These were weighed out as such, neutralized when necessary, and 
dissolved in the medium to give concentrations fifty times that ultimately required 
in vitro. The appropriate quantity of inhibitor was added to duplicate flasks 
immediately before incubation; duplicate controls in normal medium were run 
at the same time. The effects of several concentrations of each inhibitor were 
studied at least twice, using a different rabbit in each experiment. . 


Incubation.—The flasks were vigorously gassed with the appropriate gas mixture 
for 1-2 min. before being closed. They were then shaken in the Warburg respiro- 
meter bath, at 37° C. (for rats) or 38° C. (for rabbits) and 105 strokes per min. 


for 60 min. 


Histological Treatment.—The material was fixed in acid Zenker’s solution. A 
standard paraffin embedding method was used at first, but most of the later 
material was dehydrated in 2-ethoxyethanol and embedded in ester wax (Chester- 
man and Leach, 1956), since this was found to give better sections. The ester 
wax sections were stained by Mayer’s haemalum and eosin Y. 


Results 
(1) THE RABBIT 


The normal histological appearance of the retina was maintained rea- 
sonably well under oxygen, with glucose as substrate (Fig. 1); histological 
preservation was somewhat better when the medium was buffered with 
bicarbonate instead of phosphate. 

The visual cell nucleus of the rabbit is a compact structure, consisting of 
two dense, chromatin masses, surrounded by a delicate, crenated membrane 
(Fig. 1, opposite). Pyknosis is therefore not so conspicuous in the visual 
cell nuclei as in larger nuclei with a more open network, such as those of 
the bipolar cells. The majority of such cells did not normally become 
pyknotic during incubation for an hour, but both the processing and 
incubation controls showed patchy nuclear pyknosis in all layers, which was 
due to the trauma inevitably associated with dissection. Since, however, the 
changes due to the inhibitors were diffuse, they could easily be distinguished. 
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Fic. 1.—Rabbit retina incu- 
bated 1 hr in Krebs-Ringer 
bicarbonate (K-R) under stand- 
ard conditions (glucose sub- 
strate, O2:CO2). 400. 

Inset: Visual cell nuclei x 1,250 
to show detailed structure. 


Under conditions where, by the use of oxygen-pyruvate (Fig. 2) or nitrogen- 
glucose (Fig. 3), either glycolysis or respiration was minimized while the 
other function was able to continue actively, structural integrity was 
regularly impaired ; wide- 
spread nuclear pyknosis 
developed. 


Fic. 3.—Rabbit retina incuba- 
ted 1 hr in K-R with glucose 
under Nz. 400. 


Inset: Visual cell nuclei x 1,250 
to show pyknosis. 


Fic. 2.—Rabbit retina incuba- 
ted 1 hr in K-R with pyruvate 
under O2:CO>. 400. 


Inset: Visual cell nuclei x 1,250 
to show pyknosis. 
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Even more marked deterioration was caused by the complete omission of 
substrate, either aerobically or anaerobically (Fig. 4). These findings indicate 
how immediate is the dependence of the tissue on both glycolysis and 


respiration. 


Fic. 4.—Rabbit retina incubated 1 hr in 
K-R with no substrate under N>. x 400 


Effects of Inhibitors.—Most of the inhibitors tested produced marked 
histological change at a concentration of 5mM or less. Apart from sodium 
azide and sodium 2:4-dinitrophenate, which are discussed later, the rest of 
the injurious inhibitors produced a similar histological picture. Pyknosis 
occurred in both inner and outer nuclear layers, but in the inner layers it 
affected only the bipolar nuclei while the Miiller fibre nuclei became swollen. 
The ganglion cells showed shrinkage, pyknosis, and chromatolysis, or even 
complete cytolysis. Because of the variable behaviour and limited number 
of these cells in the sections, their response has not been included in the 
Tables. With some inhibitors, the above changes were accompanied by 
marked structural disorganization, which always affected the outer layers 
more severely. 

The concentration needed to induce well-marked histological changes 
varied with the agent tested. In terms of decreasing toxicity, inhibitors 
may be graded into those effective at minimal concentrations of 0-05, 0:5, 
and 5 mM. The comparative histological effects on the two main com- 
ponents of rabbit retina, i.e. the visual and the inner layers, are summarized 
in Table I (opposite) and Tables II and III (overleaf). Data regarding per- 
centage inhibition of respiration and aerobic glycolysis in the whole tissue 
arealso included where available (vide Newhouse, 1959); such values represent 
the mean of two determinations, each one being performed on duplicate 
samples of retina taken from a different rabbit and subjected to conditions 
of incubation similar to those already described. 
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TABLE I 


REAGENTS DAMAGING RABBIT RETINA AT 0:05 mM OR MORE 


These substances, all thiol reagents, are powerful inhibitors of respiration though not always 
of bound (e.g. 2, 2) and are highly destructive to the isolated retina, particularly the visual cells. 





Functional Inhibition | Histological 
(per cent.) Injury 
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(3) 3-Amino 4-hydroxy- 
phenyl arsine oxide 





(4) Sodium p-chloro- 
mercuribenzoate 





(5) Mercuric chloride 





Effects similar 


(6) Ethyl iodoacetate . to those of 
; NalA (Table 


II) but more 
pronounced 





Particularly 
(7) Sodium . damages visual 


0-iodosobenzoate . cells; little 
effect on 


glycolysis 























Effective at 0-05 mM (Table I).—This group comprises most of the more 
powerful thiol reagents, none of which had damaged retina on intravenous in- 
jection at the maximal tolerated dosage. Most of them are inhibitors of respira- 
tion, even at this low concentration, but some (e.g. 1:2:4-fluorodinitrobenzene, 
FDNB) have, in the same circumstances, only slight effects on glycolysis. 

The arylating agents phenacyl bromide and FDNB, the alkylating agent ethyl 
iodoacetate, the heavy metal compounds mercuric chloride and sodium p-chloro- 
mercuribenzoate (CMBA) (Fig. 5, overleaf), and the two trivalent organic arsen- 
icals were all considerably more destructive to the isolated retina than NalA 
itself. All produced comparable damage at concentrations only one-tenth as 
great as that needed for NalA (i.e. 0-5 mM), while, at this latter concentration, 
they caused rapid disintegration of the tissue. 
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Fic. 5.—Rabbit retina incubated under 
— conditions with 0-05 mM CMBA. 
x 400. 


Effective at 0-5 mM (Table I1).—This group of thiol reagents includes NalA 
and sodium bromoacetate—both parenterally injurious to retina—and the related 


TABLE II 
REAGENTS DAMAGING RABBIT RETINA AT 0:5 mM OR MORE 
This group comprises several alkylating substances related to iodoacetic acid and two oxidizing 


agents. Though the effect of the alkylating agents on glycolysis varies, they inhibit respiration 
to a comparable extent and are moderately destructive at 0-5 mM, particularly to the visual cells. 
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substance, iodoacetamide (IAD). NalA is a powerful inhibitor of glycolysis and 
to a less extent, of respiration. The damage it caused in vitro was moderately’ 
severe (Fig. 6), but the toxic effects were by no means confined to the visual cells, 

nor linked exclusively with either phase of carbohydrate metabolism, as the use of 
either nitrogen-glucose or oxygen-pyruvate conditions showed. The histological 

changes caused by sodium bromoacetate, particularly in the visual cell layer, were 

less marked than those of NalA. This lesser severity corresponds io that already 

observed upon the retina in vivo (Lucas, Newhouse, and Davey, 1957). 

_ Iodoacetamide was less effective as a glycolytic inhibitor than its parent acid, 

but produced cytological changes of comparable severity (Fig. 7). 
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Fic. 6.—Rabbit retina incubated under Fic. 7.—Rabbit retina incubated under stand- 
standard conditions with 0-5 mM NalA. ard conditions with0-5 mMIAD. «x 400. 
x 400. 


Effective at 5 mM or More (Table III).—This group included various con- 
ventional inhibitors of respiration and glycolysis, none of which had proved 
destructive to retina on intravenous injection (Noell, 1953a; Babel and Ziv, 1956). 
The relatively minor damage they caused, even at high concentrations, contrasted 
strongly with that caused by the thiol reagents of the first group. 

Thus the glycolytic inhibitors, sodium fluoride and glyceraldehyde, produced 
no serious damage in the isolated retina, under either aerobic or anaerobic con- 
ditions, until a concentration as high as 50 mM was used (Fig. 8, overleaf), a level 
associated with a fall not only in glycolysis but also in respiration (with either 
glucose or pyruvate as substrate). 

The respiratory inhibitor, sodium cyanide, proved rather more injurious than 
the two glycolytic inhibitors, the visual cell layer being particularly affected at a 
concentration of 5 mM or higher (Fig. 9, overleaf). In these circumstances, 
fespiration was considerably depressed but lactic acid content was actually aug- 
mented (cf. Robbie and Leinfelder, 1948). 

Sodium fluoroacetate, an established inhibitor of the tricarboxylic acid cycle 
enzyme aconitase, in brain, was less cytotoxic than cyanide. Even at a concen- 
tration of 50 mM., only limited visual cell damage and slight respiratory inhibition 
were caused. 

Sodium azide and 2:4-dinitrophenate are known to interrupt the utilization of 
Oxidative energy in phosphorylation processes. When applied to retina at a 
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TABLE III 
REAGENTS DAMAGING RABBIT RETINA AT 5mM OK MORE 


This group comprises several substances, none of them thiol reagents, which affect respiration, 
glycolysis, or both, only at high concentrations; their injurious effects upon the isolated retina 
are relatively mild even at 5 mM. 























Functional Inhibition | Histological 
: (per cent.) Injury 
Reagent ao Remarks 
Respira- Gly- Outer | Inner 
tion colysis |Layers| Layers 
Inhibits 
(1) Sodium fluoride 0-5 = = = om respiration as 
5-0 89 27 + + well as gly- 
50 74* 14 ++} + colysis at high 
concentration 
Inhibits 
(2) Glyceraldehyde 0-5 = = respiration as 
5-0 + + well as gly- 
50 78t 76 ++ {+ colysis at high 
concentration 
Only respira- 
(3) Sodium cyanide 0-5 7 raised = = tion depressed, 
5-0 57 raised + + except at the 
50 72 100 ++ | ++ | highest 
| concentration 
(4) Sodium 5-0 Rie = - = | Effects 
fluoroacetate 50 29 10 - + relatively mild 


























* Respiration depressed by 36 per cent. on sodium pyruvate substrate 
t Respiration depressed by 64 per cent. on sodium pyruvate substrate 


relatively high concentration (i.e. 5 mM.), each of these substances reduced the 

levels of both respiration and glycolysis. It was therefore surprising that, at this 

concentration, no definite nuclear changes were seen, though localized areas of 
oedema occurred in the fibre layers. 
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Fic. 8.—Rabbit retina incubated under stand- Fic. 9.—Rabbit retina incubated under 
ard conditions with 50 mM NaF. x 400. standard conditions with 5 mM NaCNn. 
x 400. 
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Ineffective at 5 mM.—The following agents produced no obvious histological 
change at a concentration of 5 mM: sodium salts of arsenite, arsanilate, iodide and 
iodate; alloxan; tryparsamide; methanol and quinine. 


(2) THE RAT 

In agreement with Robbie and Leinfelder (1948), the rat retina was found 
to survive well in vitro (Fig. 10), but, because the rat visual cell nucleus has 
an even more compact structure than that of the rabbit, interpretation of the 
histological sections was less easy. 


Fic. 10.—Rat retina in- 
cubated under standard 
conditions. x 400. 





o he 


It was however clear that the effects of NaIA (Fig. 11, overleaf), FDNB, 
and CMBA (Fig. 12, overleaf) were similar to those seen in the rabbit, and 
that the minimal effective concentrations were the same. The sensitivity 
of the isolated rat retina to either structural damage or metabolic inhibition 
(Newhouse, 1959) by NalA contrasts with its relative resistance to damage in 
the intact animal (Sorsby, Newhouse, and Lucas, 1957). . 


Discussion 

These results do not support the view of Noell (1952, 1953a, b, 1955) that 
the inhibition of glycolysis can by itself do major damage to the rabbit retina. 
Simple suppression of this function by the use of pyruvate instead of glucose 
as substrate caused less structural disorganization in the isolated retina than 
did incubation for an hour with NalIA or other thiol reagents. It may be 
noted that prolonged insulin hypoglycaemia, severe enough to cause cerebral 
damage, does not appear to cause ocular lesions in man (Gralnick, 1941). 


Nor does retinal metabolism appear to be much affected by the established 
glycolytic inhibitors, fluoride and glyceraldehyde, unless relatively high 
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Fic. 11.—Rat retina incubated under Fic. 12,—Rat retina incubated under standar 
standard conditions with 0-5 mM conditions with 0-05 mM CMBA. «x 400. 
NalA. 400 

concentrations are used. Babel and Ziv (1956), who found that a daily 
intravenous dosage of only 20 mg./kg. body weight of sodium fluoride was 
ultimately lethal to the rabbit, were unable to produce a retinal lesion by 
this means; perhaps the greater sensitivity of other centres to fluoride toxicity 
prevented the attainment of body fluid levels readily injurious to retina. The 
present studies indicate that neither compound causes structural changes in 
the isolated retina until present in such concentrations that both glycolysis 
and respiration are independently affected. Inadequate cellular penetration 
seems unlikely since, at a given concentration (e.g. 5 mM.), glycolysis is no 
more effectively inhibited in retinal homogenate extracts by these agents 
(Kerly and Bourne, 1940) than it is in the whole retina. 

Though the members of the group of thiol reagents varied widely in their 
capacity to depress both respiration and glycolysis, no distinct correlation 
between anti-glycolytic activity and ability to damage the isolated retina was 
apparent. Thus NalA proved to be the most profound inhibitor of gly- 
colysis, approached in this respect only by ethyl iodoacetate and CMBA. 
Yet, by comparison with either of these agents, or with FDNB (which affects 
glycolysis hardly at all), it was much less injurious to the isolated retina; 
perhaps significantly, it was less effective than these reagents as a respiratory 
depressant and certainly less readily lethal when given parenterally. It may 
thus be concluded that the striking retinal necrosis produced in vivo by 
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jodoacetate is probably not due solely to the anti-glycolytic activity of this 
drug. 

The common feature of various types of retinal injury, whether caused by 
the highly destructive thiol reagents of Table 1, by NalA, or by oxygen 
poisoning (Noell, 1955), is the depression of respiration. This fact is of 
special interest in view of the high activity of respiratory enzymes in the 
visual cells (Francis, 1953; Eichner, 1955). However, it cannot therefore be 
assumed that retinal damage is exclusively due to inhibition of respiration 
instead of glycolysis, for the simple suppression of oxygen uptake by anaero- 
biosis or the addition of cyanide (a specific inhibitor of the cytochrome 
system) is less injurious to the isolated tissue than are many of the thiol 
reagents. 

So many other substances are as easily able to interfere with retinal 
metabolism that the reputation of NalIA as a specially toxic inhibitor seems 
open to doubt. The thiol reagents of Table I proved, on an equimolar basis, 
more destructive than the inhibitors of relatively high specificity (cyanide, 
fluoroacetate, glyceraldehyde), while NalA occupied an intermediate posi- 
tion. Their outstanding toxicity may well be due to their ability to inhibit 
simultaneously a very wide range of enzymes, including several dehydro- 
genases of the Krebs cycle (Barron and Singer, 1945). Since at least half of 
all enzymes known are thiol-dependent (Wald, 1955), numerous possibilities 
of blockage are at once available to the inhibitor of low specificity, such as 
CMBA or NalA, none of which may be singly responsible for the progressive 


metabolic and structural disorganization that develops in the freely exposed 


tissue. 


The present method permits the retina to be subjected for a set time to 
concentrations of inhibitor that are more stable and precise than those 
possible parenterally; the lesions produced are correspondingly more severe, 
more rapid in onset, and less restricted to particular layers than is the case 
in vivo. However, all attempts to judge the relative importance of various 
interdependent processes in retinal metabolism by the histological response 
to appropriate inhibitors, introduced either in vivo or in vitro, face two 
difficulties. First, few agents are known that inhibit only one reaction and, 
even among those that do, the indirect effects upon other equally essential 
processes may be both complex and diverse. Secondly, on a short term 
basis, there is no clear relationship between the maintenance of certain 
essential metabolic processes and the normal cyto-architecture of the retina. 
For example, in the present work, glycolysis or phosphorylation could be 
inhibited without causing immediate structural damage, and respiration 
could persist—though to a reduced extent—in retina already showing signs 
of tissue disorganization. Thus, while the necrosis ultimately produced by 
many forms of chemical inhibition is both spectacular and interesting, the 


biochemical conclusions that can be drawn from its occurrence are clearly 
limited by its lack of specificity. 
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Summary 
(1) The cytological effects of sodium iodoacetate (NalA) and other 


inhibitors upon the isolated rabbit retina, incubated under oxygen in saline 
media for 1 hour, were investigated. 


(2) NalIA caused retinal damage at lower concentrations than are neces- 
sary in vivo; injury was not confined to the visual cells, the bipolar and 


ganglion cells sometimes being simultaneously affected. 


(3) Other inhibitors, particularly the thiol reagents, were in vitro more 
cytotoxic than NalA, though without effect parenterally. 


(4) The degree of damage inflicted by any agent did not appear to be 
related to the extent of glycolytic inhibition caused. No substance tested, 
even anti-glycolytic agents such as NaIA or NaF, was destructive until 
concentrations were used at which independent respiratory inhibition also 
occurred. Fluorodinitrobenzene, which entirely suppresses respiration but 
has little effect on glycolysis, was notably destructive. 


(5) It is suggested that the cytotoxicity of the thiol reagents depends on 
their ability to inhibit simultaneously many thiol-dependent enzymes rather 
than upon suppression of any specific retinal process. 


We are indebted to Professor H. MclIlwain and Dr. O. A. Trowell for criticism of the present 
paper. Mrs. Doris Hatton, Miss June Hunter, Mrs. Toby Necci, and Miss Diana Tremain gave 
much valuable technical assistance. We are obliged to the Head of the Chemistry Section, 
Chemical Defence Experimental Establishment, Porton, for a gift of ethyl iodoacetate and to 
Messrs. Parke Davis and Co. Ltd. for the organic arsenical used in this study. 
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TREATMENT OF MALIGNANT NEOPLASMS 
OF THE EYELIDS* 


SURGERY OR IRRADIATION ? 
BY 


H. B. STALLARD 
London 


THE fact that most general surgeons and indeed a number of eye surgeons 
continue to refer patients afflicted with malignant disease of the eyelids to 
the ever-willing and co-operative radiotherapist and the fact that some of 
the serious disasters of radiotherapy of the eyelids are not widely known 
prompt me to compare the results of surgery with radiotherapy. 

What is the case for radiotherapy? For over quarter of a century most 
authors of the standard surgical text-books have written in favour of irradia- 
tion. It is regrettable that, even in the larger works intended for post- 
graduates taking higher degrees in surgery and radiotherapy, there is a 
notable absence of comment about the serious ocular complications which 
may sometimes follow irradiation. I am aware that as ophthalmologists we 
see more of the disasters and less of the successes of irradiation; nevertheless, 
the former are grave and lasting and as they do not follow adequate surgical 
excision with reconstruction it seems proper to draw attention to the ad- 
vantages of surgery over radiotherapy. 


THE LITERATURE 


So eminent an authority as Cade (1952) stated: 

“With very few exceptions the majority of authors in England, on the Continent, 
and in the U.S.A. agree that radiation has proved of such value that it has dis- 
placed most other methods in the treatment of rodent ulcers”’. 

Ward (1930) also considered that radium was the method of choice. 

Hutchison and Hilton (1948) recommended that “malignant neoplasms of the 
eyelids should be treated by radium, or x rays, because of the deformity caused by 
excision”. 

Aird (1957) comments that “the rodent ulcer can be depended upon to disappear 
by x-ray treatment”’. 

Illingworth (1955) advises “‘treatment in most cases by radium, a surface plaque. 
If radium is not available excise”’. 

Bailey and Love (1956) recommend early excision in one chapter of this work, 
but on p. 708 state: 

“If the ulcer occurs on the face this line of treatment (excision) is not advised 
as an unsightly scar may result. The application of a radium plaque is recom- 
mended”. 

As 98.4 per cent. of basal-celled carcinomata occur on the face and neck and 





* Received for publication June 11, 1958. 





160 H. B. STALLARD 


68-3 per cent of these appear within the “‘mask” area bounded by the supra- 
orbital margins above, the auricles on either side and the angles of the mouth 
below, it would seem that these authors reserve surgery for less than 2 per cent. of 
basal-celled carcinomata and do not consider it proper for the eyelids. 

However, Handfield-Jones, and Porritt (1957) advise that “excision of the neo- 


plasm is the best treatment”’. 
It has been argued in favour of radiotherapy that the patient does not need a 


hospital bed and may be treated as an out-patient. No comment is made about 
the uneconomic loss of time, the protracted suffering, and the ultimate disability 
caused by some intractable post-irradiational complications which may require 
attendance at the Eye Outpatient Department for months and even years, often 
with admission to hospital for long periods of time. 

{ 
Biopsy 


As the cellular structure of a malignant tumour of the eyelids often varies 
in different parts and as some types are less favourable for irradiation than 
others, it is obviously desirable to take for adequate histological examination 
a strip of neoplasm which traverses its full length and depth. Such is seldom 
achieved and moreover the disturbance effected by a biopsy is often 
dangerous. Without a biopsy the radiotherapist must inevitably feel 
inadequately informed. 

So it would seem reasonable to excise the neoplasm widely (an excisional 
biopsy) and to reconstruct the lid defect by grafting. 


POST-IRRADIATIONAL COMPLICATIONS 


Skin.—Some changes in the texture of the skin and subcutaneous tissues 
at the site of irradiation are inevitable after irradiation. The lesser degrees 
of skin atrophy, loss of elasticity and epilation, are of little consequence in 
an area less than 1 cm. in diameter. Severer degrees of irradiational damage 
result in cicatricial ectropion (Fig. 1, opposite) with impairment of lid mobility 
and exposure of the eye. Some irradiated scars become chronically painful 
and for this reason require excision and grafting on to a base rendered 
disadvantageous by vascular damage and fibrosis. 

An indolent ulcer (Fig. 2) may occur in an irradiated area, particularly at 
the medial canthus; the surrounding tissue being too damaged to support a 
free full-thickness skin graft, the cosmetically less desirable pedicle has to be 
used (Fig. 2, opposite). 

Necrosis of part or the whole of the full thickness of the lid may follow 
irradiation. Fig. 3 (opposite) shows a post-irradiational coloboma of over 
half the left upper lid; Fig. 4 (opposite) shows much loss of the upper lid 
after irradiation, and Fig. 5 (opposite) extensive necrosis of the left lower 
lid with recurrence of the neoplasm. 

Fig. 6 (opposite) shows an example of carcinoma induced by irradiational 
treatment of the skin of the eyelids and face for sycosis. 
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Fic. 1.—Irradiation of basal-celled carcinoma 
at right medial canthus. Painful scar. Cica- 
tricial ectropion and occlusion of lacrimal 
canaliculi and lacrimal sac. Keratinization 
of bulbar conjunctiva, superficial punctate 
keratitis, and irradiational cataract. 


Fic. 3.—Post-irradiational coloboma of more 
than half of the left upper lid. 


Fic. 5.—Post-irradiational necrosis in left lower 


lid with recurrence of basal-celled carcinoma. 


1] 


Fic. 2.—Irradiation of basal-celled carcinoma 
at right medial canthus. Chronic post- 
irradiational ulcer. Skin graft to excised ulcer 
bed from frontal pedicle flap after severance 
of pedicle. 


Fic. 6.—Appearance of basal-celled 
carcinoma in left lower lid after irradia- 
tion for sycosis. The eye is aphakic 
(post-irradiational cataract). The skin 
of the entire face was thin, atrophic, 
and inelastic, with bad telangiectases 
and multiple carcinomata. 
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The poor blood supply in an irradiated area may prejudice the successful 
take of a free skin graft, but this is not always so. Fig. 7 (A) shows a post- 
irradiational cicatricial ectropion and Fig. 7 (B) a free full-thickness skin 
graft of the entire lower lid which had a 100 per cent. take. 


Fic. 7 (A).—Post-irradiational cicatricial ectropion of left lower lid. (B) After excision of irradia- 
tional scar and full-thickness graft of whole lid. 


Lacrimal Apparatus.—Irradiation at the medial canthus leads inevitably 
to the firm occlusion of the puncta, canaliculi, and all or most of the lumen 
of the lacrimal sac and naso-lacrimal duct (Fig. 1). Furthermore, the tissues 
around these structures are so affected by irradiation that it is impossible 
to keep open any surgical anastomosis made between the conjunctival sac 
and the nasal mucosa, so that permanent epiphora is the patient’s uncom- 
fortable fate. 

In the case of surgical excision of a neoplasm at this site with the sacrifice 
of the lower canaliculus, tear drainage may be established either by trans- 
plantation of the upper punctum and canaliculus or by conjunctivo-dacryo- 
cystostomy, where the mobilized fundus of the lacrimal sac is opened and 
sutured in the lacus lacrimalis (Fig. 8, A and B). 


Fic. 8 (A).—Infiltrative type of basal-celled carcinoma of right medial canthus. (B) Neoplasm 
widely excised with the lower canaliculus, and defect filled by a pedicle from the upper lid lined 
with a conjunctival graft. 
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Eye 
Superficial Punctate Keratitis——This post-irradiational complication may 
continue for 2 or 3 years. 


Cataract.—It is impossible to achieve adequate protection of the lens by a 
lead contact mould set in the conjunctival sac, for x rays fired either obliquely 
or transversely at a neoplasm involving a canthus will out-flank such a 
protective device. 


Iridocyclitis and Complicated Glaucoma.—These may follow irradiation, 
and occasionally lead to the loss of the eye. 


SURGICAL EXCISION 


There is much in favour of adequate surgical excision with reconstruction 
of the defect. The eradication of the neoplasm is more certain than with 
irradiation, and, in my experience, contrary to the opinion expressed in some 
text-books, the incidence of recurrence after surgery is quite rare, whereas 
this is not so after irradiation. 

Whiting (1951) made the point that surgical treatment initially gives more 
successful results than surgery of a recurrence after irradiation. 

The structure and the function of a surgically reconstructed eyelid is more 
natural and mobile than after irradiation. After the first dressing there is 
no discomfort whereas this is not the case after irradiation. Surgery does 
not damage adjacent tissues and is not followed by ocular complications. 

General surgical books, presumably mindful of scars made by grosser 


suturing, stress the deformity which may be seen after surgical attention; 
this accusation is unjustified by the results which follow careful reconstructive 
technique. 


PRINCIPLES OF SURGICAL RECONSTRUCTION AFTER EXCISION 


(1) Excision. Reconstruction with Free Skin Graft.—If the neoplasm has 
proliferated well above the skin surface, and has not infiltrated deeply, and 
if its margin is at least 4 mm. clear of the lid margin (Fig. 9A, overleaf), 
excision up to the lid margin, 5 mm. wide elsewhere and through the 
orbicularis muscle down to the tarsal plate, is generally adequate. The 
adjacent orbicularis muscle is mobilized and sutured to the anterior surface 
of the tarsal plate with a few interrupted sutures of 20-day 5/0 chromic 
catgut. An exact pattern of the skin defect is made with oiled silk and a 
full-thickness free skin graft is cut from the redundant skin of the upper lid 
in the elderly in the case of a graft of 2 x 1 cm., and from the retro-auricular 
skin when the patient is middle-aged and the defect is larger than 2 x 1 cm. 

The sutures uniting the edge of the graft to the adjacent lid skin are left 
long and when suturing is complete these are carried over a moulded spindle 
of flavine wool and tied. A pressure dressing is applied. 

Donor eyelid skin tones in perfectly and retro-auricular skin carefully 
chosen does likewise (Fig. 9B, overleaf). 
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Fic. 9 (A).—Basal-celled carcinoma of the right lower lid. (B) 2 years after excision and full- 
thickness graft. 


(2) Closure of a Small Full-thickness Defect by Mobilization and Sliding. 
Wheeler’s Halving of Lid Margin.—When the lid margin is involved in the 
neoplasm (Fig. 10A), or the latter has infiltrated deeply and less than one- 
third of the length of the eyelid is involved, either a triangular or a quadri- 
lateral excision of the full-thickness of the lid is indicated. The defect is 
closed by sliding the lateral part of the lid towards the medial edge after 
performing a vertical myotomy of the orbicularis muscle below the lateral 
canthus (Fig. 10B) and a lateral canthotomy. The opposed edges of the lid 
coloboma are halved by splitting the “grey line” and excising a triangle 
from each, the base being at the lid margin, the anterior consisting of skin 
and orbicularis muscle, and the posterior of tarsal plate and palpebral con- 
junctiva. One or two mattress sutures (Fig. 10B) traverse these to effect 
opposition. This halving prevents a vertical notch at the site of union on 


the lid margin. 


Fic. 10 (A).—Basal-celled carcinoma involving lower lid margin. (B) Full-thickness excision of 
one-third or less of the eyelid. Closure aided by orbicularis myotomy at lateral canthus and 
Wheeler’s halving operation of lid margin. 


(3) Reconstruction of Large Full-thickness Defect by a Mucosa-lined Bridge 
Pedicle.—When more than one-third of the lid margin and deeper tissues 
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of the lid are involved in the neoplasm then almost total, or indeed total, 
excision is indicated. Such extensive reconstruction of the lower lid is less 
formidable than the upper. 


Lower Lid Reconstruction.—After excision of most or all of the lower lid, 
the upper-lid margin is freshened as for tarsorrhaphy and is sutured to the 
skin and muscle edge of the defect. A “delayed” bridge pedicle of skin of 
the upper lid is now raised, lined, either with a free buccal mucous mem- 
brane graft or with conjunctiva excised from the upper fornix, and tem- 
porarily replaced, a strip of oiled silk separating the mucosal lining from the 
orbicularis muscle of the upper lid (Fig. 11A). 


Fic. 11.—Total loss of left lower lid. (A) Upper lid margin sutured to cheek. ‘‘Delayed” 
bridge pedicle in upper lid lined by buccal mucosa. (B) One week later, tarsorrhaphy severed, 
“bridge” pedicle transposed to form new lower lid, and skin defect in upper lid filled by full- 
thickness skin graft. 

A week later the temporary tarsorrhaphy is divided and the mucosa-lined 
bridge pedicle from the upper lid is swung down and sutured into the lower 
lid defect ; to enhance its blood supply and to assist in maintaining its desired 
position its upper edge is sutured to the raw surface of the upper lid margin 
prepared for the tarsorrhaphy (Fig. 11B). Into the skin defect of the upper 
lid at the site of the bridge pedicle a full-thickness free skin graft is placed. 
When the mucosa-lined bridge pedicle has been in place for 2 months the 
tarsorrhaphy is severed and the ends of the pedicle trimmed and replaced 
in the upper lid (Fig. 12, overleaf). 


Medial and Lateral Halves of Lower Eyelid——The neoplasm is widely 
excised. In the case of the medial canthus, this involves the sacrifice of the 
lower lacrimal punctum and canaliculus. If epiphora is troublesome at a 
later date, either transplantation of the upper canaliculus or the opened 
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Fic. 12.—Result in case illustrated in Fig. 11, showing eyelids open and closed. 


fundus of the lacrimal sac into the lacus lacrimalis is tried in an attempt to 
re-establish the drainage of tears. The upper lid margin is freshened and 
sutured to the inferior edge of the lower lid defect. A delayed skin pedicle 
lined by mucosa of appropriate size is cut in the upper lid. 

One week later the tarsorrhaphy is severed and the mucosa-lined pedicle 
is swung down into position to fill the defect and to give some improved 
support at the canthus (Fig. 13A and B). 


Fic. 13. (A).—Basal-celled carcinoma involving medial canthus. (B) After excision of neoplasm 
and reconstruction with mucosa-lined skin pedicle from upper lid. (The central notch in the lid 
margin requires a small plastic procedure for its elimination). 


: ‘ ‘ Fic. | 
Upper Lid Reconstruction.—When the neoplasm has infiltrated deeply to lic 
into more than one-third of the upper lid and the lid margin is affected, ene 
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adequately wide excision presents a more serious reconstructive problem 
than in the case of the lower lid (see Figs 3 and 4). 

If possible, the upper rim of the tarsal plate with the insertion of the 
levator palpebrae superioris is conserved and at any rate this muscle must be 
identified and held in three or four “whip” sutures of 20-day 5/0 chromic 
catgut. The conjunctiva of the upper fornix is undermined and mobilized 
to turn down with the remains of tarsus. The grey line of the lower lid 
margin is split and the line of cleavage made down to the level of the lower 
fornix. The lower tarsal plate and palpebral conjunctiva, thus separated, 
are then mobilized by vertical cuts at the medial and lateral ends of the plate, 
which is now brought up and sutured with 20-day 5/0 chromic catgut 
‘toed to the lower aang of ed remains of the upper tarsal plate or to 

em upper fornix conjunctiva and levator 
palpebrae superioris. The eye is thus 
covered by conjunctiva (Fig. 14). 


Fic. 14.—Drawing to show surgical steps in 
reconstruction of upper lid. Splitting of lower lid 
in grey line, and mobilization of tarsal plate and 


palpebral conjunctiva, which is sutured to frill 
of conjunctiva in upper fornix and to levator 


palpebrae superioris. A bridge pedicle of skin 


and orbicularis muscle is raised from the skin 
below the eyebrow. 


A bridge pedicle of orbicularis muscle 1:5-2 cm. wide is now dissected 
from the peri-orbital part of this muscle and is brought down to cover the 
tarsal plate, to which it is anchored by a few interrupted catgut sutures. 

It may be possible to bring down a bridge pedicle of skin from just below 
the orbital margin and to suture this to the everted raw surface of the lower 
lid margin. Into the skin defect whence this bridge pedicle has been taken, 
a full-thickness free post-auricular skin graft is placed (Fig. 15A and B). 


Fic. 15. (A).—Drawing to show bridge pedicle of skin and orbicularis brought down and sutured 
to lid margin. Skin defect at donor site of bridge pedicle is filled with a full-thickness post- 


auricular skin graft. (B) 8 days after operation. 
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2 to 3 months later the tarsorrhaphy is opened, and the lower margin of the 
tarsal plate of the lower lid is cut along its full length and is united by fine 
silk mattress sutures to the lower margin of the upper-lid skin. 

The conjunctiva of the lower fornix should be in good position for suture 
to the lower-lid margin by mattress sutures of fine silk. 

The skilled radiotherapist may justifiably plead that his successes, and 
there are many, are comparable to surgical successes, and that the failures 
which may occur in units where there is defective judgement, skill, and 
experience are comparable to the unsatisfactory results produced by a 
surgeon unskilled in reconstructive work. However, serious irradiational 
complications are worse than surgical failures and considerably more difficult 
to remedy. 

So a plea is made for the surgical treatment of malignant neoplasms of 
the eyelids. The healing is quicker and cleaner; and the structural and 
functional results are better than after irradiation. In my opinion the 
incidence of recurrence of the malignant neoplasm is appreciably less after 
adequate surgery than after irradiation, and there are no serious ocular 


complications. 


I thank Dr. Peter Hansell and the Medical Illustration Department of the Institute of Ophthal- 
mology, and Mr. Norman Harrison of St. Bartholomew’s Hospital, for the abundant help they 
have so kindly given me over the illustrations, and also Mr. Frank Neubert for the post-operative 
photograph (Fig. 9B). 
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PERIPHERAL CHAMBER DEPTH IN SHALLOW 
ANTERIOR CHAMBER* 


BY 


RAGNAR TORNQUIST 


From the Ophthalmic Clinic, University of Gothenburg, Sweden 
Director: Prof. Bengt Rosengren 


THE particular structure of the eye predisposing to primary acute (closed- 
angle) glaucoma is a shallow anterior chamber, yet many eyes with a chamber 
depth of equal dimensions to those of glaucomatous eyes escape attacks of 
angle-closure. With the dark-room test no or only slight increase in pressure 
is generally obtained (T6rnquist, 1958). Thus, presumably, an additional 
anatomical or functional factor is present in glaucomatous eyes but is absent 
in a normal eye with a shallow chamber. 

Case reports wherein areas of thinned iris were observed indicate a higher 
pressure behind the iris than in the anterior chamber (Ulbrich, 1908; Heine, 
1913; Urbanek, 1921; Miller, 1956). According to a theory developed by 
Curran (1920), Banziger (1922), and Chandler (1952), a bulging of the iris 
occurs because of a relative hindrance of the aqueous humour between the 
iris and the lens (“relative pupillary block”). With a varying iris bombé, 
the chamber angle may be closed. 

The width of the angle does not seem to be equal in different sections of 
the chamber (Barkan, 1938; Phillips, 1956b). The upper part is the more 
narrow, and this has been explained by the weight of the aqueous humour 
(Barkan) or by an uneven peripheral flattening of the cornea (Phillips). The 
upper half of the chamber has been observed by Heim (1941) to be smaller 
in volume than the lower half. In closed-angle glaucoma, gonio-synechiae 
tend to occur mainly in the upper part (Phillips 1956a). 

Not only the axial chamber depth but also the form of the chamber thus 
seems to be of importance in the pathogenesis of closed-angle glaucoma. 
The purpose of this communication is to study the relative depth in different 
parts of the anterior chamber in a series of eyes with a shallow anterior 
chamber. 


Material e 


A group of forty patients with closed-angle glaucoma (average age 61 years) and another 
group of 24 non-glaucomatous persons with a shallow anterior chamber (average age 
52 years) were examined. The axial chamber depth measured by Stenstrém’s apparatus 
is shown in Table I (overleaf). The examinations were performed when the intra-ocular 
pressure was normal. 





* Received for publication April 10, 1958. 
169 





170 RAGNAR TORNQUIST 


TABLE I 
AXIAL CHAMBER DEPTH MEASURED BY STENSTROM’S INSTRUMENT 





Chamber Depth (mm.) 





Eyes Number 
Lowest Mean Highest 





Unoperated .. es 49 1-33 1-79 2:46 
Operated .. oo 20 1-25 1-65 2:50 
48 1-43 2-01 2-50 





Glaucomatous 




















Non-glaucomatous 





The mean values in a random series of non-glaucomatous persons (T6rnquist, 1953) at the age 
of 50-60 years are: Males 2:8-2-7 mm. Females 2:7-2-6 mm. 


Methods 


The profile of the anterior eye segment was photographed and the relative depth 
in different parts of the chamber was determined from the pictures. 

A Haag-Streit slit-lamp microscope with its standard source of light was used. 
Light from a very narrow vertical slit was projected along the visual axis of the 
eye, and the subject was requested to look right into the light. The beam was 
focused onto the anterior surface of the iris and the lens so that the pupil was 
divided into two halves by the image of the slit. The supporting arm of the 
microscope was fixed at an angle of 45 degrees to the right of the slit lamp. The 
image formed by the slit lamp was photographed with the camera (Alpa Reflex) 
fitted on the microscope. At least four pictures were taken of each eye, two of the 
central and upper sections, and two of the central and lower sections. The 
exposure was 1/25 sec. The film (Kodak Tri X) was underexposed, but by pro- 
longing the development (Promicrol developer 16-18 min. at 20° C.) good negatives 
were obtained. These were enlarged in copying so that the ultimate picture 
showed the chamber magnified ten times (Fig. 1, opposite). 

By measuring the photographs the following proportions were calculated (Fig. 2, 
opposite). The axis of the eye was obtained by drawing a line perpendicular to the 
pupillary plane through the centre of the pupil. Then two lines were drawn 
parallel to the axis through the upper and lower part of the chamber at a given 
distance from:the axis (a = 33-5 mm., corresponding to 3-35 mm. in the eye). 
The apparent chamber depths d,, d, and d; were measured to within 0-1 or 0-2 mm. 
corresponding to chamber depths of 0-01 or 0-02 mm. 

The ratios 4 and 4 were then calculated from these measurements. 

Errors of the Method.—As the series only includes individuals with a shallow 
anterior chamber, the cornea was generally reproduced with satisfactory sharpness 
although the4ight was focused on the iris. In a few cases the dispersion of light 
into the iris was so great that it was impossible to make any measurements. 

It seems probable that accommodation was absent or insignificant during the 
procedure. The majority of the examined persons were presbyopes. 

On account of the refraction of light at the corneal surface the apparent chamber 
depths are smaller than the real ones. As regards axial depth this reduction can 
easily be estimated (Térnquist, 1953), and as the radius of curvature of the corneal 
surface increases the apparent chamber depth decreases. 





PERIPHERAL CHAMBER DEPTH 





Aen 2.—Diagram for calculating chamber 
epths. 
Fic. 1.—Example of a slit-lamp photograph (a) Distance from axis (constantly 33-5 mm. on 
x 10. the photographs, representing 3-35 mm. in 
the eye). 
(d) Apparent axial chamber depth. 
(ds) Apparent peripheral depth in upper part 
of chamber. 
(d;) Apparent peripheral depth in lower part of 
chamber. 


To measure the effect of the refraction of light in the non-axial region the follow- 
ing experiment was made. A contact glass with a radius of curvature of 7-7 mm. 
in the corneal part, and 13 mm. in the scleral part, and a corneal diameter of 12 mm., 
was used. The corneal part was filled with normal saline solution. A spherical 
steel ball of radius 13 mm. was placed in the scleral part. Thus an artificial 
chamber limited by two spherical surfaces with known radii was produced, and 
this was photographed in the same way as the eyes. The apparent chamber 
depths measured on the photographs were compared with the calculated actual 
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distances. The experiment showed that the apparent depths were 25 per cent. 


smaller than the real depths, and that there was no significant difference as regards 


the reduction between the axial and the peripheral distances. Thus, the ratio 
between the two distances was the same. 


The corneal surface is spherical only within a central area, however, and it 
flattens out in the periphery, this flattening being most obvious upwards (Berg, 
1931). The radius of curvature may therefore be expected to be at its smallest 
where the distance d is measured, greater at d,, and greatest at d,. The reduction 
of the real distances may be comparatively greater at the periphery and especially 
at d,. This variation cannot be estimated with exactitude, but is probably small. 
In a shallow chamber with an axial depth of about 2 mm., the conceivable varia- 
tion of the curvature implies that the apparent peripheral depth is not more than 
0-01 or 0-02 mm. less than if the radius had been constant. Thus, this systematic 
error is probably smaller than the error of measurement. 

The random error of the method is probably comparatively small. After a 
short interval a second examination of five normal eyes was performed. The 
difference between the ratios varied between 0 and 0-06 and the mean was 0-03. 


Results 


As is shown in Table II the peripheral chamber depth in non-glaucomatous 
eyes measured by this method is 38 per cent. of the axial depth in the upper 
section of the chamber and 47 per cent. in its lower section. A significant 
difference is also found in unoperated glaucomatous eyes. 

TABLE II 
RELATIONSHIP BETWEEN PERIPHERAL AND AXIAL CHAMBER DEPTH 
IN UPPER ( 4) AND LOWER (4) PARTS OF CHAMBER 






































d 
EDO RE EOE : 
Eyes é ds di Difference 
Ss d | d 
| No. | 49 | 49 
| 
Lpbroraing Gigarometons | mien | 02720010 | 0-38 50-010 | 0-11 0-014 
ae 0-07 
No. | 46 | 48 
Non-glaucomatous with | 
nadiver Abtnrioc Chamber | mem | 0-38 = 0-013 | 0-47 0012 0-09 +0-018 
Pact | 
Difference ‘| 04140016 | 0-0940-016 





m arithmetic mean 
ém Standard error of the mean 
s standard deviation 


In non-glaucomatous eyes the ratio between the peripheral and the axial 
chamber is found to be less when the chamber is very shallow (< 2-0 mm.) 


than when it is moderately shallow (2:0-2-5 mm.). The difference is 
significant (Table III, opposite). 
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TABLE III 
RELATIONSHIP BETWEEN PERIPHERAL AND AXIAL CHAMBER DEPTH 
IN UPPER (2) AND LOWER (4) PARTS OF CHAMBER 
Non-glaucomatous eyes with different chamber depths 
Chamber Depth (Stenstrém) | ds dj 
d d 
No. | 24 26 
1:40-1:99 | m+em | 0-3140-011 0-42 +0-013 
| 5 | 0-06 0-06 
| __No. | 22 | 22 
2:00-2:50 Lo pain | 0-42 40-021 0-53 40-014 
| s | 0-10 0-07 
Difference | 0-11 40-024 | 0-11 40-019 





m arithmetic mean 
@m standard error of the mean 
s standard deviation 
In comparing non-glaucomatous and unoperated glaucomatous eyes, it is 
found that in the latter the ratios are less and the differences between the 


groups are significant (Table II). 
In six cases photographs were taken before and after peripheral iridectomy 
in the upper chamber angle. 


Table IV shows that the ratio a clearly increases. 


TABLE IV 
RELATIONSHIP BETWEEN PERIPHERAL AND AXIAL CHAMBER DEPTH IN LOWER 


PART OF CHAMBER (4) BEFORE AND AFTER PERIPHERAL IRIDECTOMY 












































d 
Mey ee Te ee iy aes ek 
| di 
d 
Case | Age 
No. | (yrs) Sex | Eye Nl 
(I) qi Difference 
Before Operation After Operation (ID-(D 
1 50 M R 0-45 | 0-53 0-08 
2 46 F R 0:39 0:67 0-28 
| L 0:48 0-57 0-09 
3 | 48 M R 0-36 | 0-46 0-10 
4 | 59 F R 0-49 | 0-59 0-10 
a ae L 0-36 | 0-55 0-19 














Mean 0-18 
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In the whole series of glaucomatous eyes the same ratio is greater in the 
operated than in the unoperated eyes and the difference is significant 
(Table V). The ratios of the eyes operated upon seem to be on an average 
even higher than those of non-glaucomatous eyes. 


TABLE V 
RELATIONSHIP BETWEEN PERIPHERAL AND AXIAL CHAMBER DEPTH.IN LOWER 
PART OF CHAMBER (4) AFTER PERIPHERAL IRIDECTOMY, IN UNOPERATED 
GLAUCOMATOUS EYES, AND IN NON-GLAUCOMATOUS EYES WITH SHALLOW 


ANTERIOR CHAMBER 
































di Difference 
d 
No. 49 
Re it kte 03840010 |, 
s 0-07 m 
Glaucomatous a 
No. 20 Yo 14+0-021 
4 
Operated m+n 0:52 40-019 ‘4 
Ss 0-09 
\ 
No. a ee +0-023 
Non-Glaucomatous with 
Shallow Anterior Chamber m+em ag / 




















m arithmetic mean 
€m Standard error of the mean 
s standard deviation 


Discussion 

There is a reduction of the real depth caused by refraction. On account 
of a greater corneal flattening upwards there is a difference in reduction 
between the upper and lower parts. This difference is however very small. 
The significance of the measured difference probably is not influenced by this 
error. The result supports previous observations by Barkan and by Phillips 
and is in accordance with the observation of Heim (1941) that the upper part 
of the chamber has a smaller volume than the lower. A study of the photo- 
graphs indicates that the surface of the iris is probably slightly more protrud- 
ing upwards. 

In eyes with closed-angle glaucoma, the peripheral chamber depth was 
comparatively less than in non-glaucomatous eyes with the same shallowness 
of the chamber. As glaucomatous eyes on an average probably have a 
smaller corneal diameter (Priestley Smith, 1890; Barkan, 1954b) and a smaller 
radius of corneal curvature (Térnquist, 1957), consideration should be taken 
to which extent these factors can have contributed to the present difference. 
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The distance between the upper and lower points of the chamber angle 
was estimated from the photographs. On the basis of the means in the 
group of unoperated glaucomatous eyes and the group of non-glaucomatous 
eyes, and the corresponding means of the radius of the corneal curvature, an 
estimation was made of the effect on the peripheral chamber depth. Only 
a small decrease (5 per cent.) in the glaucomatous eyes was obtained. 

It is therefore probable that the difference in the relative peripheral 
chamber depth between the glaucomatous and the non-glaucomatous eyes 
is due to an increased convexity of the surface of the iris. 

In an earlier investigation, no significant change of the axial chamber 
depth after operation was found (T6érnquist, 1956). On the other hand, in 
the present series of eyes operated upon (peripheral iridectomy) an obvious 
increase in the peripheral chamber depth was demonstrable. This change 
speaks in favour of an iris bombé in unoperated acute glaucoma, i.e. that the 
iris bulges because of a higher pressure in the posterior chamber. 

In the non-glaucomatous eyes with a shallow anterior chamber, the ratio 
between the peripheral and the axial chamber depth is probably somewhat 
less than in the glaucomatous eyes operated upon. Should this be confirmed 
in a larger series a certain degree of iris bombé would also be established in 
non-glaucomatous eyes with a shallow chamber. A comparison between 
eyes with a moderately shallow and excessively shallow chamber shows that 
the bulging of iris increases with decreasing chamber depth. 

The results indicate that the shallow anterior chamber is often associated 
with a relative blocking of aqueous humour between the lens and the iris 
causing an iris bombé. This was also suggested by Barkan (1954a). The 
reason for this bulging being more obvious in certain eyes—those which 
develop attacks of angle-closure—cannot be given. Possibly there are varia- 
tions in the thickness or the resistance of the iris. 


Summary 


On slit-lamp photographs of the anterior chamber, the apparent chamber 
depths at the axis and peripherally at a fixed distance from the axis were 
measured. Forty patients with acute closed-angle glaucoma and 24 non- 
glaucomatous individuals with a shallow anterior chamber were examined. 

The ratio between the peripheral and axial depth was significantly smaller 
in the upper part than in the lower part of the chamber. In eyes with closed- 
angle glaucoma the same ratios were smaller than in the non-glaucomatous 
eyes, and the differences were significant. After a peripheral iridectomy, 
however, the values were equal to or slightly larger than those of non- 
glaucomatous eyes. In the latter group a smaller ratio was found with 
smaller chamber depth. The cause of these findings was discussed. 


This study was supported by a grant from the Swedish Medical Research Council. 
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IODOACETATE POISONING OF THE RAT RETINA* 
I. PRODUCTION OF RETINAL DEGENERATION 


BY 
CLIVE GRAYMORE} AND KATHARINE TANSLEY{ 


Institute of Ophthalmology, University of London 


IT is now well established that retinal degeneration can be produced in several 
species of laboratory animals by intravenous injection of sodium iodoacetate 
(Schubert and Bornschein, 1951; Noell, 1952; Berardinis, 1953; Karli, 1954; 
Rabinovitch, Mota, and Yoneda, 1954; Babel and Ziv, 1956). Thus, 
Noell (1952) described a destruction of the visual cells in rabbits, cats, and 
monkeys after repeated doses, and drew attention to the close similarity 
between the experimental condition and retinitis pigmentosa in man (Noell, 
1953). Most workers have used rabbits for these studies, but Rabinovitch 
and others (1954) recorded the same result in chickens. So far the rat has 
been found to be an unsatisfactory animal for such experiments; Rabino- 
vitch and his co-workers (1954) failed to obtain retinal degeneration in this 
species after repeated sub-lethal doses. 

Noell (1952) has remarked on the difficulty of finding a single sub-lethal 
dose which would produce histologically recognizable damage to the retina. 
Most of his studies in rabbits involved the use of repeated doses of 15 to 20 
mg./kg. body weight (12 mg./kg.in the cat). In this laboratory, however, it 
has been found possible to produce histological damage in the rabbit by 
giving a single injection of 40 mg./kg. In order to achieve this without killing 
the animal it was necessary to administer the dose in at least 10 ml. saline 
over a period of about 20 minutes (Tansley, 1955). 

The present observations arose out of attempts to produce retinal degenera- 
lion in the rat for metabolic studies. We also failed to achieve this in the rat 
with a single sub-lethal dose and therefore tried other procedures. 


Material and Methods 


Injection of Animals.—Albino rats of either sex were used, and were maintained 
on the standard diet used in this laboratory. They were aged 3 to 4 months and 


their weights fell within the range of 150 to 200 g. Intravenous injections were 
given via one of the tail veins. 


Solutions.—The sodium iodoacetate was recrystallized from a sample obtained 


from British Drug Houses Ltd., and was carefully neutralized with sodium hy- 


droxide. A stock solution was freshly prepared for each experiment, and before 
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each injection the required dose was made up to [ ml. with saline. L-malic acid, 
obtained from Light and Co. Ltd., was neutralized with sodium hydroxide and 


diluted with saline before use. Where iodoacetate and malate were given simul- 
taneously, the two stock solutions were mixed in the desired proportions and made 


up to 1 ml. with saline as before. Sodium pyruvate was obtained from Roche 
Products Ltd., dissolved in distilled water, and neutralized before use. Control 


animals received 1 ml. saline only. 


Histology.—Animals which survived the injections were killed 7 or 8 days later 
by intravital fixation under Nembutal anaesthesia. The upper part of the body 


only was fixed (the descending aorta being ligatured) with either Kolmer’s or 
Zenker’s fluid. The anterior part of each eye was cut away during dehydration 


and the posterior part embedded in paraffin. Serial sections were cut at 6u. 
Five staining methods were used: 

(1) Haematoxylin and eosin. 

(2) Iron haematoxylin and aniline blue-orange G mixture. 

(3) Mallory’s phosphotungstic acid haematoxylin. 

(4) Azan method. 

(5) Feulgen’s technique. 


Results 
Single Injection of Iodoacetate 


There was some variation in the response of the animals which we attri- 
buted partly to individual variation and partly to the fact that the lethal dose 
is so critical that small differences in the purity of the iodocetate will affect 
the result. For this reason the lethal dose was established afresh for each 
experiment. A general analysis of a large number of experiments is given 
in Table I, which shows that a dose of 40 mg./kg. body weight is usually toler- 
ated and that the mortality rises as the dose is increased, there being no 
survivors at 70 mg./kg. Retinae from approximately half the surviving 
animals were examined histologically. In no case was there any evidence of 
degeneration. 


TABLE I 


EFFECT OF THE SIZE OF A SINGLE DOSE OF IODO- 
ACETATE ON SURVIVAL RATE 





Dose No. of 
(mg./kg.) Animals Peete 


Survivals 





40 8 
50 6 








60 27 
70 6 
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These results indicate that the rat can tolerate larger doses of iodoacetate 
than other laboratory animals so far examined. We believe that even bigger 
doses could be used if it were practicable to give them in more dilute solutions 
over a longer period. Under such conditions it may well be that retinal 


degeneration could be produced by a single dose. 


Injection of Iodoacetate and Malate 


Recent evidence indicates that the metabolism of the visual cells may not 
be identical with that of the rest of the retina (Noell, 1952: Lowry, Roberts, 
and Lewis, 1956), and Noell (1951) has suggested that in the visual cells 
giycolysis plays a major part in energy production and that this may account 
for their specific sensitivity to iodoacetate. Iodoacetate is known to be a 
general-SH enzyme poison having a particularly marked effect on glycolysis. 
It occurred to us, therefore, that it might be possible to protect the life of an 
experimental animal by providing it with some suitable energy-producing 
intermediate which could bypass the iodoacetate block without affecting 
glycolysis. We know of no evidence that malic dehydrogenase is inhibited 
by iodoacetate and sodium malate was therefore chosen. The procedure was 
to give 50 mg. malate in 1 ml. saline followed immediately by a further 
injection of 50 mg. malate together with the chosen dose of iodoacetate. 
Control animals were treated with saline and iodoacetate on the same day 
using the same iodoacetate solution. 

Table II shows that sodium malate exerts a protective action against a 
dose of 60 mg./kg. iodoacetate, but has little effect if the iodoacetate dose is 
raised to 70 mg./kg. _Wedid observe, however, that, whereas the unprotected 
animals in this last group frequently died within an hour of the injection, 
those given malate survived considerably longer, usually being found dead 


TABLE II 
EFFECT OF MALATE WITH IODOACETATE ON SURVIVAL RATE 


" 





Dose No. of . 
tia ten picathe Deaths Survivals 





10 


60 . 
lodoacetate + Saline 





Iodoacetate + Malate 





70 
lodoacetate +Saline 








Iodoacetate + Malate 
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the next morning. In both the protected animals which survived a dose of 
70 mg./kg. iodoacetate, slight retinal degeneration was present. 


Divided Dose of Iodoacetate 

Noell (1952), in his work on iodoacetate-induced retinal degeneration, has 
found that a given dose is more effective when divided, presumably because 
the effect is dependent on the maintenance of a critical concentration for a 
sufficient length of time. We decided to investigate, therefore, the effect of 
a dose of 60 mg./kg. given in two equal doses separated by approximately 4 
hours. Out of a total of 25 animals treated in this manner, there were 
fourteen survivals representing a 56 per cent. survival rate. This figure is 
substantially higher than the rate for the same dose given all at once (29-6 
per cent. calculated from Table I). Most of the animals which survived the 
divided dose showed moderate retinal degeneration (see below). 


Divided Dose with Malate 

The results of three experiments comparing the effect of divided doses of 
iodoacetate with and without malate are shown in Table III. 50mg. malate 
were given immediately before and together with each injection of iodoacet- 
ate. It should be noted that the survival rate of those animals treated with 
60 mg./kg. iodoacetate given in two doses was lower than that recorded in the 
last section. We have already remarked on the variability of the lethal 
dose of iodoacetate, and these results emphasize the importance of satis- 
factorily controlling each separate series of experiments, particularly when 
different solutions of iodoacetate are used. Table III shows again that 
there is a better survival rate when malate is given with the iodoacetate, 
although the effect is not quite so marked as when single doses are used. 


TABLE III 


EFFECT OF MALATE WITH A DIVIDED DOSE OF IODOACETATE 
ON SURVIVAL RATE 





No. of | Deaths Survivals 


Dose 
Animals 


(mg./kg.) 





Iodoacetate + Saline 





ae 
een 
I 


iaseceahian’ + Malate 





70 
Iodoacetate +Saline | 








70 
Iodoacetate + Malate 
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It is worth adding, perhaps, that, of those animals which died after receiving 
70 mg./kg., six of the nine which were unprotected by malate died immediately, 
whereas five of the six protected animals survived until the following night. 
This indicates that the effect of malate may be rather greater than would 
appear from the Table. 


Effect of Other Intermediates 


A few experiments were done using two other Krebs cycle intermediates, 
sodium glutamate and sodium pyruvate. The former appeared to have little 
or no protective effect and experiments with this substance were not con- 
tinued. Sodium pyruvate, on the other hand, showed a definite protective 
action. Four of the six treated animals survived, and the two deaths did 
not occur until the second and third days after the injection. Of the seven 
control animals only two survived and both appeared very ill a week later. 
These two survivors had lost almost one third of their body weight during 
this period, while the pyruvate survivors had lost no weight at all. 


Retinal Degeneration 


Schubert and Bornschein (1951) and Noell (1952) have described the 
histological appearance of the rabbit retina 3 weeks after repeated injections 
of sub-lethal doses of 
iodoacetate. They 
found that the ret- 
inae were devoid of 
almost all visual cells 
except in the region 
of the ora serrata 2. Outer 
and in a small area ee ope 
around the _ optic 
nerve. In the cat and 3. Outer fibre 
monkey, Noell (1952) layer. 
found that the rods < hiner 
and their nuclei were nuclear layer. 
destroyed by doses 
which left the cones 
unaffected. The rat ~~ 
retina is like that of a 5. Inner fibre 
the rabbit in that it BS iis = ws 
contains very few = = 
cones, the vast major- jag wee 
ity of the visual cells . 


being rods (Fig. 1). ; 
Whe; : 1 Fic. 1.—Section through normal rat retina. 
ere retinal! Bouin; haematoxylin and eosin. x 325. 


Eg 





182 CLIVE GRAYMORE AND KATHARINE TANSLEY 


degeneration was produced in our experiments it always took the form of a 
destruction of a greater or less proportion of the rods and their nuclei. 

In most of his animals Noell did not carry out a histological examination 
of the retina until the electroretinogram had been irreversibly abolished and 
this condition is usually associated with an almost complete loss of rods. 
In a few rabbits, however, there were variations in the amount of visual cell 
loss and in those less affected the worst damage was found in the central 
retina, ventral to the optic nerve entrance, in a small area about half-way 
between the nerve and the ora serrata. In general the retinal degeneration 
in our rats was much less severe than that described by Noell (1952) in rabbits, 
but the distribution of the damage was very similar. Thus, even in our 
worst affected eyes, there was a ring of normal retina just behind the ora 
serrata, and usually, but not always, another round the optic nerve. Where 
the retinae were not so badly affected, the worst damage was found in the 
central retina ventral to the nerve. 

In the least affected retinae (+ in Table IV, opposite), some normal visual 
cell nuclei were present throughout, but in a rather restricted central area the 
outer nuclear layer was reduced from ten to twelve, to only five to seven 
cells thick. In those considered to be moderately affected (+ + in Table IV 
and Fig. 2), the outer nuclear layer might be much reduced over perhaps 
one-third to half the retina, with small areas where it was only one cell thick 
or entirely destroyed. 


2. Outer nuclear layers. 


4. Inner nuclear layer. 


5. Inner fibre layer. 
6. Ganglion cell layer. 


Fic. 2.—Rat retina 7 days after 60 mg./kg. iodoacetate given as a 
divided dose. The rods and outer nuclear layer have been damaged 
but not completely destroyed. Kolmer; Mallory’s phosphotungstic 
acid haematoxylin. 387. 
In the most affected retinae (+ + ++ in Table IV, opposite, and Fig. 3, 
overleaf) the outer nuclear layer might be completely destroyed over as 


much as three-quarters of the retina. 
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Table IV shows that, in general, there was only moderate damage to the 
retina when iodoacetate was given alone as a divided dose. The addition of 
malate produced a much more severe retinal degeneration. A similar 
effect was observed in a rabbit experiment. In this connexion it is interest- 
ing that, although pyruvate gave as much, if not more, protection against 
iodoacetate as malate, it certainly did not increase the amount of retinal 
degeneration. 

Discussion 

As already pointed out, our reason for choosing sodium malate as a 
possible protective agent was based on the assumption that its conversion 
to oxaloacetate would not be inhibited by sodium iodoacetate. It should, 
therefore, provide a source of energy which might protect the life of the 
animal. If the visual cells are primarily dependent on glycolysis, a respira- 
tory substrate such as malate would not be expected to help them. In this 


TABLE IV 
RETINAL DEGENERATION PRODUCED BY DIVIDED DOSE OF IODOACETATE 


Without Malate With Malate 








Dose 
(mg./kg.) 


~ +++ 


Plows ) Degeneration 


Degeneration 








~ +++ 





+++ 





+++ 





++4+4+ 





+++ 





+++ 

















way we hoped to produce sufficient 
retinal degeneration for metabolic 
studies without killing the animal. 
On the other hand, if the visual cell 
metabolism is not peculiar, the 
effect of malate on the survival of 
poisoned animals should be reflect- 
ed in the retina as a decreased de- 
gree of degeneration. The results 
show that malate did indeed exert a 
significant protective action on the 
animal as a whole, but did not 
prevent retinal degeneration. On 
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4. Inner nuclear 
layer. 


5. Inner fibre layer. 


6. Ganglion cell 
layer. 


Fic. 3.—Rat retina 7 days after 60 mg./kg. iodoacetate given as a 
divided dose together with malate. The rods and outer nuclear layer 
have virtually disappeared. Kolmer; Mallory’s phosphotungstic acid 
haematoxylin. x 387. 


the contrary the effect of malate was to increase the damage to the visual 
cells. This fact is hard to explain on our original simple assumption. 

Malate by itself does not produce any histological damage to the retina. 
It was suggested to us that this substance might éxert its effect by its con- 
version to pyruvate rather than to oxaloacetate, for it has been thought that 
the nervous damage associated with thiamine deficiency might in part be due 
to the high levels of blood pyruvate found in this condition (see MclIlwain, 
1955). However, our results indicate that the malate effect on the retina is 
not due to an accumulation of pyruvate, for injection of this latter substance 
did not increase the damage due to iodoacetate. 

Another possibility is that the oxidative decarboxylation of malate to 
pyruvate would deplete the available oxidized triphosphopyridine nucleotide 
(TPN) which may be required for the operation of the Warburg-Dickens 
shunt. It is known that in some biological systems iodoacetate does not 
completely inhibit the utilization of glucose, and this is attributed in part to 
the operation of this alternative breakdown pathway involving the TPN- 
dependent conversion of glucose-6-phosphate to 6-phosphogluconic acid. 
If part of the energy production of the retina can be accounted for by this 
iodoacetate-insensitive route, interference with the mechanism by depletion 
of TPN may further decrease the energy production of the iodoacetate 
poisoned cells and enhance the resultant damage. 

Although the oxidative decarboxylation of pyruvate involves -SH 
groups, it must be assumed that a sub-lethal dose of iodoacetate is insufficient 
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entirely to prevent the utilization of this substance; hence its protective 
action on the life of the animal. 

It is true that the protective action of malate as used in these experiments 
was not very great. This is understandable, since owing to its relative 
insolubility we were unable to give larger doses. It has, however, proved 
extremely useful by virtue not only of its protective effect on the animal but 
also of its action in increasing the iodoacetate destruction of visual cells. 
By using divided doses of iodoacetate together with malate we have been 
able to produce retinae in which a large proportion of the visual cells has 
been destroyed. These provide excellent material for studying the differential 
metabolism of the retina. 


Summary 


(1) Single sub-lethal doses of sodium iodoacetate did not produce retinal 
degeneration. 

(2) Moderate visual cell damage was produced by giving two doses of 
30 mg./kg. body weight separated by an interval of 4 hours. 

(3) Both sodium malate and sodium pyruvate exerted a protective action 
on animals treated with iodoacetate. 

(4) Sodium malate enhances the degenerative effect of iodoacetate. 


Our grateful thanks are due to Dr. Margaret Kerly for helpful discussion and to Pro- 
fessor Norman Ashton for reading this manuscript, and we also acknowledge the technical 
assistance of Mrs. D. A. Cairns. We would like to thank the Medical Research Council 
for a grant towards the expenses of this investigation. 
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APPLIANCE 


PERSPEX PROSTHESIS FOR THE LACRIMAL SAC AND 
NASO-LACRIMAL DUCT* 


BY 


L. H. G. MOORE 
Dudley, Worcestershire 


TuIs technique has been used as a simple alternative to dacryocystorhinos- 
tomy. The results in a small series of cases are sufficiently encouraging to 
suggest that it might be worth a trial in a wider field. 


Construction 


The prosthesis is made of “Transpex I” (I.C.I.). The top part is 12 mm. long, 
5 mm. in diameter, and has a bore of 3 mm. It is perforated like a colander with 
sixteen holes 1-75 mm. in diameter. The lower part is 15 mm. long, 3 mm. in 
diameter, and has a bore of 1-5 mm. The top part is at an angle of 20° to the 
lower part. 


Ficure.—Photograph of prosthesis— 
actual size. 


Sterilization 


The following method was adopted after other methods, including heat, had 
failed. The prosthesis was washed in distilled water. It was then placed in a 
20-ml. polythene weighing bottle (Gallenkamp). A sterile 10 per cent caustic 
soda solution was poured into the bottle, the polythene top was replaced, and it 
was then placed in a water bath at 30° C. for one hour. The 10 per cent. solution 
was then decanted and replaced by a 0-1 per cent. sterile solution of caustic soda. 
The polythene cap was replaced, and the weighing bottle complete with its contents 
was placed in a sterile glass bottle with a screw top, and was stored in this way 
until required at operation. Immediately before use the prosthesis was washed 
in sterile normal saline. 


Insertion 


General anaesthesia (Flaxedil, Thiopentone, Halothane, gas and oxygen, and head- 
tilt) was used in allofthecases. The lower punctum was dilated. A No.1 Bowman’s 
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probe was passed down the sac and if possible into the duct. This was felt through 
the skin, and using a Bard-Parker knife (No. 15 blade) an incision was made 2 mm. 
below the punctum through all layers to expose the probe. Blunt scissors were 
spread in a vertical direction on both sides of the probe. The incision was 15 mm. 
in length. The field was kept free from discharge and haemorrhage by the use of 
a sucker. The probe was then withdrawn and a No. 8 Bowman’s probe was 
passed through the wound and down the naso-lacrimal duct, using force if necessary 
to do this. As this probe was withdrawn, the lower part of the prosthesis was 
passed into the duct, and the upper part was rotated into the sac. The wound 
was dusted with penicillin and sulphathiazole powder. No sutures were used. 
The operation was performed in from 4 to 5 minutes. 


Post-Operative Care 


A firm dressing and pressure bandage were applied, and after 24 hours this was 
removed and a collodion gauze dressing was applied. This was removed on the 
first visit to the out-patient clinic, 6 days after operation. The wound healed by 
first intention in all but one of the cases. 

Penicillin was given by intra-muscular injection twice daily, 250,000 units for 
2 days. The patient was then discharged from hospital, and was given oral 
penicillin V tablets 240 mg. 1 four times a day for 4 days, and penicillin eye drops 
50,000 units/ml. to use thrice daily for 1 or 2 weeks. The patient was advised to 
avoid sneezing and nose-blowing for 10 days, and 9 days after the operation the 
tear passages were syringed. 


Case Reports 


Case 1. Mucocoele of left sac was present for 3 years with severe bronchitis. A proto- 
type prosthesis was inserted in September, 1957. This one was straight and formed a 
swelling almost as large as the original mucocoele. It was tender to touch and so in 
December, 1957, the straight prosthesis was removed and an angled one inserted. The 
patient was symptom-free in April, 1958, and fluid passed easily into the nose on syringing. 


Case 2. Epiphora present on the left side for 34 years was not relieved by repeated syring- 
ing and probing. A prosthesis was inserted in October, 1957, with immediate relief of 
symptoms. In March, 1958, the patient had a cold and afterwards developed epiphora 
again. He was given hyalase drops to use for one week, and the obstruction which was 
present was then relieved by syringing through the lower punctum while applying pressure 
with chalazion forceps to the upper punctum and canaliculus. He reported free from 
Symptoms one month later. 


Case 3. Epiphora present on left side for 2 years was not relieved by syringing and 
probing. A prosthesis was inserted on the left side in December, 1957, and she became 
symptom free and fluid passed into the nose on syringing during the next 6 weeks. She 
had remained free from symptoms when last seen at the end of March, 1958. 


Case 4, Epiphora and regurgitation of muco-pus from the right sac had been present 
for 2 years. A prosthesis was inserted on the right side in December, 1957, and the 
patient was symptom free until April, 1958, when she complained of slight watering of 
the right eye. Fluid passed easily into the nose on syringing and she again became free 
from symptoms, 
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Case 5. Both eyes had watered for 3 months, with tenderness over the right sac and 
conjunctivitis on the right side. Both tear passages were obstructed and were not relieved 
by syringing. After four visits to the out-patient clinic it was decided to insert a pros- 
thesis on each side. This was done in November, 1957. Both tear passages were 
patent on syringing in December, 1957, and again in January, 1958. Unfortunately this 
patient died suddenly while at work a few weeks later, and the cause of death at autopsy 
was found to be cardiac infarct due to coronary artery disease. 


Case 6. Seen in June, 1957, with an attack of acute dacryocystitis on the left side, 


which was stated to be the sixth attack within a few months. This settled down with 
treatment but the eye remained watery. At the end of November an acute attack of 


dacryocystitis occurred again, and it was decided to put in a prosthesis while the condition 
was in an acute phase. This was done but was not successful. The wound did not heal 
perfectly at its upper limit and, although fluid could be passed easily into the nose by 
syringing either through the punctum or through the fistula, the inflammation did not 
subside. The prosthesis was removed in January, 1958, no attempt being then made 
at further surgery. In April, 1958, there was a mucocoele of the sac with epiphora, but 
no inflammation and no fistula. It is hoped to persuade the patient to have another 


prosthesis inserted within a short time. 


Case 7. A mucocoele of the right sac present for 6 months was not relieved by out- 
patient measures and a prosthesis was inserted in April, 1958. The patient became 
symptom-free and stated that he could see better at work with the right eye. This was 
probably because he had been getting a regurgitation of glairy mucus into the conjunctival 


sac before operation. 


Conclusion 


It would seem that this technique yields a high proportion of successes in 
cases of simple epiphora and of mucocoele. 
The advantages are these: 
(i) The operation takes only a few minutes to perform. 


(ii) The patient is kept in hospital for only 3 days. 


(iii) In the event of failure, further surgical procedures should not be difficult. 


Summary 
A technique is described for insertion of a perspex prosthesis which will 


intubate the naso-lacrimal duct and fill the potential space cavity of the 
lacrimal sac. It is suggested that this may prove a simple alternative to 


dacryocystorhinostomy. 


My thanks are due to Dr. R. M. Archer, who assisted at most of the operations and 
removed the prosthesis from Case 6 in my absence, and to Dr. J. P. Murphy who gave 
the anaesthetics for these cases ; to Dr. Gordon and his laboratory staff for confirmatory 
work with B. subtilis spores; to Mr. F. Byron, the pharmacist, for his help with the 
sterilization experiments ; and to the sisters and nurses at the Guest Hospital, Dudley, 
who have taken such an interest in these cases. 

Last and by no means least, I am most grateful to Mr. P. M. Caudell of Messrs. 
Rayner’s instrument department, who bore with patience my many changes of mind 
before the prosthesis reached its final shape and size. 
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BOOK REVIEW 


Strabismus Ophthalmic Symposium IT. Edited by J. H. ALLEN, 1958. Pp. 552, 251 figs. 


Kimpton, London. (£6.) 

This book, which is dedicated to the memory of Walter B. Lancaster and Richard G. 
Scobee, who were contributors to the first edition and whose work in the realm of ocular 
motility has been so valuable, gives an up to date account of certain problems of stra- 
bismus. Although each chapter is devoted to a different topic, there is some inevitable 
repetition as in so many books of multiple authorship. One does not, however, expect to 
find repetition word-for-word in a single chapter, as in Chapter 1, where several para- 
graphs on pages 70 and 71 are exactly repeated on page 104! 

With the recent work of Warwick (Brain, 1955, 78, 92) one would have expected to find, 
in a book of this sort, some reference to the modern view that the convergence centre in 
the mid-brain is probably a myth. It is also a pity that the treatment of eccentric fixation 
and amblyopia by the after-image method of Ciippers has not received adequate attention. 
The chapters written by Costenbader are of good practical value and it is nice to see that 
he prefers the word “‘ phenomenon” in relation to the *“* A”’ and “* V”’ processes rather than 
“syndrome”’, 

As a new contribution to this symposium, the chapter by Phillip Knapp on the surgical 
treatment of strabismus contains much sound common sense, although one cannot agree 
with his statement that, in cases of accommodative esotropia in which the deviation is 
entirely overcome by the wearing of correct lenses, operation is contraindicated “because 
the visual axes will almost surely diverge in later life”. However, it is refreshing to read 
that the question of when to operate should be decided by considering each case on its 
individual merits and not by some prescribed rule of thumb. 

The chapters on anatomy and physiology, by Walter H. Fink and Frances Heed Alder 
respectively, are valuable and well illustrated, and the contribution of Hermann M. 
Burian on aetiology is clear and concise. He sums up the position by saying “‘regardless 
of the ultimate cause it is helpful to keep in mind that at least two factors must be operative 
in each condition of heterotropia—a mechanical or innervational factor to produce a 
latent deviation and a fusion factor to cause it to become manifest”. 

Not the least interesting part of this book is the account of a round-table discussion in 
which there is a free exchange of views by the different participants (sometimes very diver- 
gent!). The appendix by the late Walter B. Lancaster is excellent. Here he clarifies 
terminology and gives some valuable criticisms and suggestions, such as that “alternating 
sursumduction”’ is the only rational name for the condition which has been labelled 
“alternating hyperphoria”’, “alternating hypertropia”, and “‘anaphoria”’, 

Although this book would be all the better if it were somewhat shorter—and this could 
be achieved largely by avoiding repetition and reducing details of case records—it is a 
work which no one interested in the problems of strabismus can afford to omit studying. 


NOTES 


INTERNATIONAL COUNCIL OF OPHTHALMOLOGY 


A meeting of the International Council of Ophthalmology was held during the XVIII 
International Congress of Ophthalmology in Brussels, on September 6, 1958. The 
following is a brief résumé of the more important business. 

(1) Report of the Treasurer.—The financial position of the Council was reported to be 
satisfactory. The contribution to the Council for International Organizations of Medical 
Sciences came under review. Hitherto the C.I.O.M.S. had received 100 U.S. dollars 
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annually from the Council and each International Congress paid 500 dollars to the same 
body. In view of the increased subsidy desired by the C.1.0.M.S., the Council under- 
took to pay 300 U.S. dollars annually and hoped to recoup itself to the extent of 500 
dollars from each Internationa) Congress. Great regret was expressed at the resignation 
of Prof. Marc Amsler from the post of treasurer which he had filled for 8 years with 
much distinction. 


(2) Report on Ophthalmological Education throughout the World.—It was considered 
desirable to give more publicity to this report, which was presented to the Council in 
1954. It is to be published in the British Journal of Ophthalmology, and a reprint will 
be sent to all universities with a Faculty of Medicine. 


(3) European Society of Ophthalmology.—It was decided that this recently formed 
society would be represented on the International Council; Prof. J. Frangois was accepted 
as the delegate. This Society, which has been joined by all countries in Europe except 
Bulgaria and Russia, will hold its first Congress in Athens in April, 1960. 


(4) Index Ophthalmologicus (1958).—This publication was distributed gratuitously to 
all members attending the XVIII International Congress at Brussels. Further copies are 
obtainable through Dr. A. C. Copper (Coehoornsingel 42, Zutphen, Holland). 


(5) Multilingual Ophthalmological Dictionary.—This is being published under the 
auspices of the Council and will be on sale early in 1959; the publisher is S. Karger, Basel. 


INTERNATIONAL FEDERATION OF OPHTHALMOLOGICAL SOCIETIES 


A meeting of the International Federation of Ophthalmological Societies was held in 
Brussels on September 8, 1958. The recommendations of the International Council were 
in general approved. The following is a brief résumé of the other business: 


(1) It was decided that the subscriptions paid by affiliated societies should remain at 
the present figure of one half Swiss franc per member per annum. 


(2) The new Statutes put forward at the XVII International Congress held in Montreal 
in 1954 were adopted, with the modification that the national committee organizing an 
International Congress would have the right to refuse to accept communications sub- 
mitted to it in order that the number of such communications could be reduced and their 
standard raised. 


(3) Two reports already passed by the International Council were accepted by the 
Federation. In the testing of the colour sense in transport workers by isochromatic 
plates, the Swedish test, Bostr6m (B II 1950), was admitted as well as the test of Ishihara. 
A report on visual safety on trunk roads concluded that trees bordering them or advertise- 
ments, if not too numerous, gave rise to no danger from the visual point of view. 


(4) The Ophthalmological Societies of Burma and Tunis were accepted as members of 
the International Federation. 

(5) It was decided that the XIX International Congress should be held in India at 
New Delhi in 1962. 

(6) Office-bearers to the International Council and replacements of five of the ten 
ordinary members were elected to hold office during the next 4 years. 


PRESIDENT: Sir Stewart Duke-Elder SECRETARY: E. Hartmann 
VICE-PRESIDENT: C. Berens TREASURER: B. Streiff 
Menmpers: Arruga (Barcelona), Palomino Dena (Mexico), Espildora Luque (Santiago, Chile). 
Lyle (London), Melanowski (Warsaw), MacDonald (Toronto), Miiller (Bonn), Paufique (Paris), 
Uyemura (Tokyo), Weve (Utrecht). 














~~ =| at ew 








same 
ider- 


ation 
with 


lered 
cil in 
- will 


rmed 
>pted 


xcept 


ly to 
S are 


r the 
3asel, 


ES 
‘Id in 
were 


in at 


itreal 
1g an 
sub- 
their 


y the 
matic 
hara. 
rtise- 


ars of 
lia at 


e ten 


Chile). 
Paris), 





NOTES 191 


Ex-orricio: Franceschetti (International Association for the Prevention of Blindness), Bietti 
(International Organization against Trachoma), Payne (Pan-American Association of Ophthal- 


mology), Francois (Pan-European Society of Ophthalmology), Coppez (President of the last 
Congress), The President of the next Congress, Copper (Secretary for the Index Ophthalmologicus). 


OXFORD OPHTHALMOLOGICAL CONGRESS 


The next meeting of the Oxford Ophthalmological Congress to be held on July 1, 2, 3, 
and 4, 1959, will be celebrating the Fiftieth Anniversary of its foundation. 
The following Office Bearers have recently been elected: 
Master—Mr. O. M. Duthie (Manchester) 
Deputy Master—Mr. C. H. Bamford (Derby) 
Editorial Secretary—Mr. L. P. Jameson Evans (Birmingham) 
Hon. Secretary and Treasurer—Mr. Ian C. Fraser (Shrewsbury) 
The main discussion at the 1959 meeting will be “Ophthalmic Manifestations in Paedia- 
tric Practice’. One day will be devoted to “‘After-thoughts”’ on their Doyne Lecture 
delivered by fifteen past lecturers. 


CZECHOSLOVAK PURKINJE SOCIETY 


The Ophthalmological Section of the Czechoslovak Purkinje Society is organizing a 
Symposium on Electroretinography to be held at the Spa Luhaéovice, on September 25 
and 26, 1959. The Symposium will be preceded by the National Congress on “The 
Pathology and Therapy of Diseases of the Lens’’. Those wishing to take part should 
write before May 1, 1959, to Professor Jan Varysek, Pekafska 53, Brno, Czechoslovakia. 


VI PAN-AMERICAN CONGRESS OF OPHTHALMOLOGY 


The VI Pan-American Congress of Ophthalmology will convene in Caracas, Venezuela, 
from January 31 to February 7, 1960. 

In addition to free papers the scientific programme includes symposia on Virus Diseases 
in Ophthalmology, Toxoplasmosis, Genetics, Strabismus, Detachment of the Retina, 
Medical Advances in Ophthalmology, Surgical Advances in Ophthalmology, Therapy of 
Infectious Diseases, Surgery of Strabismus, Surgery of Cataract, and Space Ophthal- 
mology. Further information may be obtained from: Dr. Moacyr E. Alvaro, 1151, 
Consolacdo, Sdo Paulo, Brasil. 


AUSTRALIAN TONOMETER TESTING STATION 


A Tonometer Testing Station has been recently established at the Glaucoma Research 
Unit of the Victorian Eye and Ear Hospital, Melbourne. Both the weighted and the weight- 
less types of tonometer can be checked and a small nominal charge (£1 AUST.) is made 
for this service. 

It is hoped that this service will be of interest to oculists in Australia, New Zealand, 
and South East Asia. Enquiries, and tonometers, should be addressed to: 

Dr. Geoffrey Serpell, Medical Officer to Tonometer Testing Station, The Victorian Eye and 
Ear Hospital, Victoria Parade, Melbourne, Australia. 


Mr. B. W. Rycroft, F.R.C.S., has been elected an Honorary Member of the New 
Zealand, Australian, and South African Societies of Ophthalmology. 
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OBITUARY 


JAMES ANDREW CRAIG 


James Craig died in Belfast on November 26, 1958, after a short illness, in his eighty- 
seventh year. He studied medicine as an undergraduate at Queen’s College, Belfast, and 
in 1895 obtained First Class Honours in the M.B., B.Ch., B.A.O. examination of the 
Royal University of Ireland. After holding various House Officer appointments he 
decided to take up surgery, and in 1902 became a Fellow of the Royal College of Surgeons 
of England. He then proceeded to Vienna where he spent some years studying ophthal- 
mology and otology. His main life’s work was done in Belfast, where he was on the staff 
of the Royal Victoria Hospital from 1903 until his retirement in 1937 at the age of 65. 
In 1913 he was appointed lecturer in ophthalmology and otology at the Queen’s University 
of Belfast, a post which he held for 24 years. On the outbreak of hostilities in 1939 he 
returned to his old hospital post to help to relieve his junior colleagues for service in the 
armed forces. 

Queen’s University paid tribute to his long and distinguished services in 1951 by award- 
ing him the degree of M.D. (honoris causa). In the following year he gave a considerable 
sum of money to the university to be devoted for the furtherance of ophthalmological 
studies; up to the present this has been expended in the establishment of a periodical 
lectureship associated with the James Craig Prize. 

James Craig was a member of the Ophthalmological Society of the United Kingdom 
and of the Oxford Ophthalmological Congress, and was a past president of both the Ulster 
Medical Society and the Irish Ophthalmological Society. To all of these bodies he 
contributed scientific papers from time to time. 

As an ophthalmologist he was exact and methodical, an excellent surgeon and a good 
teacher. He was well versed in literature and his writings were concise and punctilious. 
Beneath a somewhat reserved manner he had a keen sense of humour and was one of the 
most kind and generous of men. His chief recreation was golf, and until recent years he 
was a regular attender at the Royal Co. Down Golf Club, Newcastle, of which he was 
Captain in 1943 and 1944. 

He is survived by two sons, Dr. Maurice Craig and Mr. Alan Craig. 


JOHN DOBSON WARDLE 


Mr. John Dobson Wardle, emeritus professor of ophthalmology in the University of 
Durham and honorary consulting surgeon of the Royal Victoria Infirmary, Newcastle 
upon Tyne, died at his home near Haydon Bridge on December 7, 1958, at the age of 90. 

He was born in Gateshead and educated at Aston Grammar School, Market Rasen, 
Lincs., and later at Durham University College of Medicine, where he qualified in 1891. 
In 1900 he was appointed ophthalmic surgeon to the old Newcastle Infirmary on the 
Forth banks. He lectured in ophthalmology in the College of Medicine, and was later 
appointed professor of ophthalmology in the University of Durham—one of the first 
chairs in the subject in England. He retired from the Infirmary in 1928 and from his 


professorship in 1933. 
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COMMUNICATIONS 


INTRACAPSULAR CATARACT EXTRACTION USING 
ALPHA-CHYMO-TRYPSIN* 


BY 
J. E. H. COGAN, H. M. SYMONS, and D. C. GIBBS 
Kent and Sussex Hospital, Tunbridge Wells 


ALPHA-CHYMO-TRYPSIN (A.C.T.) is an enzyme with fibrinolytic and proteo- 
lytic properties which is prepared from bovine pancreas. It was discovered 
by Dr. Joaquin Barraquer in 1957 that the substance had a selective solvent 
action on the zonule supporting the lens. After extensive animal and post- 
mortem experiments he applied the discovery to the living human eye with 
important results. He found that the enzyme, when introduced into the 
anterior chamber after the corneal section had been made, caused a complete 
lysis of the zonule in approximately 3 minutes at body temperature. Owing 
to the kindness of Dr. Barraquer in sending supplies of the material it has 
been possible to use A.C.T. in cataract operations at this hospital since 
April, 1958, and a consecutive series of 122 cases is here presented. 


Material 


Three preparations of enzyme were used: 

(1) Chymotrase (Quimotrase), the original Spanish product, from the Barcelona firm of 
PEVYA. 

(2) Zonulysin, manufactured by Stervac of Capetown and distributed by Maw in Great 
Britain. 

(3) Chymarzon, manufactured and distributed by Armour Laboratories. 


One series (J.E.H.C.) included cases in which all three enzymes were given a 
clinical trial. The other series (H.M.S.) was restricted to Chymotrase alone. All 
the preparations have been assayed by their manufacturers and are used at 1 in 
5000 dilution, designed to give an approximately equal strength of proteolytic 
action. The Chymotrase solution loses 20 per cent. of its stability at room 
temperature after 4 hours, but if kept at 5° C. retains 60 per cent. stability up to a 
month. In practice, in this unit, a fresh solution of Chymotrase is made up weekly. 
Zonulysin and Chymarzon, being available in small ampoules, are made up by 
dilution at the operating table. 


Surgical Technique 


Local anaesthesia was used for nearly all the patients. After premedication with 
Largactil and Nembutal, anaesthesia and akinesia were obtained with xylocaine 
and adrenaline. A von Graefe section carried out with a conjunctival frill was 
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followed by a single peripheral iridectomy at 12 o’clock. After irrigation of the 
anterior chamber with Ringer’s solution to remove blood clot, A.C.T. (0:25 to 0-5 
ml.) was introduced by means of a syringe and lacrimal cannula. In one series 
(J.E.H.C.), the cannula was passed through the iridectomy, flooding the subiridic 
space in all directions; in the other (H.M.S.), it was introduced through the pupil 
under the iris first on one side and then on the other as originally described by 
Barraquer. In both series great care was taken to ensure the absence of posterior 
synechiae by moving an iris repositor or the cannula freely under the iris. While 
the surgeon awaited the action of the enzyme, one, two, or three edge-to-edge 
corneo-scleral sutures of methylene blue-stained virgin silk were inserted and 
hooked aside. After 3 minutes the anterior chamber was again irrigated with 
Ringer’s solution to remove any active enzyme. (Barraquer was observed by us to 
proceed with the extraction after only 2 minutes and to omit the second anterior 
chamber irrigation.) While the sutures are being placed the cataract is frequently 
noted to come forward as shown by shallowing of the anterior chamber; less often 
the pupil becomes smaller as the lens luxates and the anterior chamber becomes 
deeper. 

In one series (J.E.H.C.), the erisophake was used in every case. Controlled 
vacuometric suction of 250 mm. Hg moulded the capsule and cortex into the dome 
of the erisophake and achieved a firm grasp of the lens, which could then be re- 
moved quite easily because there was no suspensory ligament holding it back. All 
were round-pupil extractions; no sphincter iridectomies were necessary because 
the erisophake itself with lens attached successfully enlarged the pupils. Before 
the use of A.C.T., higher suction pressure up to 550 mm. Hg was often needed to 
overcome zonular resistance, and tension on the anterior and posterior lens 
capsules was correspondingly greater. Furthermore, after A.C.T. has dissolved 
the zonular fibres, no traction on the ciliary body occurs, and no tumbling or 
external counterpressure is necessary. Provided the section is large enough, the 
corneal endothelium is not damaged. 

In the other series (H.M.S.), Arruga capsule forceps were used and it became 
necessary to resort to the erisophake only when the cataract was intumescent and 
the capsule too tight to grasp. The pupil was previously dilated by a mydriatic 
and further enlarged by an assistant who grasped the iris near the sphincter and 
retracted it upwards towards the wound. The capsule was then gripped above and 
the lens slid out without tumbling, encouraged by a little judicious counterpressure 
from a squint hook placed at the lower limbus. 


After the lens had been removed, the iris was replaced, the stitches already in . 


position were tied, and extra ones were inserted as desired. A bubble of air was 
injected and the conjunctival frill was smoothed over the suture line. Pilocarpine 
was instilled together with penicillin or chloramphenicol drops. In one series 
(J.E.H.C.), one eye only was bandaged for 36 hours; in the other series (H.M.S.), 
both eyes were bandaged for 36 hours after which the second eye was left un- 
covered. 


Presentation of Results 


There are many ways of considering a series of cataract operations; in 
attempting to evaluate a new method of extraction involving an enzyme, it 
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seems important to try to find whether there has been any unusual trend in 
the complications at the time of operation or during the period of wound 
healing which might be attributed to its use. As enzymes of this type are 
rapidly inactivated in the body, the immediate effects are likely to be the more 
important. The visual results of the whole series have been carefully 
analysed, but are not presented in detail as they show no variation from those 
found in a similar series of round-pupil cataract extractions. Much depends 
on the condition of the fundus. Almost exactly 75 per cent. of the whole 
series obtained better than 6/12 visual acuity (usually 6/6—6/9); the remainder 
obtained less than 6/18 because of the usual defects, including diabetic 
retinopathy, senile macular degeneration, high myopia, and glaucoma. Two 
patients died from cardiovascular disturbances during convalescence so that 
their visual standard was not obtained, and a few of the later cases have not 
yet been adequately refracted and are not included in this estimate. The 
great majority of these cataracts were of the senile or pre-senile types: 24 
cases were in the 80 to 90 age group, 68 cases in the 70 to 80, 22 in the 60 to 
70, five in the 50 to 60, and one in the 40 to 50. One case (J.E.H.C.) was 
aged 16, and one (H.M.S.) 20 years. The preponderance of older patients 
is unfortunate, as it is in the younger patients that the strength of the zonule 
makes intracapsular extraction more difficult and this method could accord- 
ingly be of the greatest value. 


Summary of Results 


Erisophake Series (J.E.H.C.) 72 cases 
Complications at Operation: 


Broken capsule 5 
Failure to grip capsule with erisophake ] 
Loss of vitreous fluid 2 


Post-operative Complications: 


Prolapsed iris 4 (3 with hyphaemata) 
Corneal infiltrates 3 
Iritis and hypopyon (two diabetics) 3 
Severe hyphaemata 1 


Forceps Series (H.M.S.) 50 cases 
Complications at Operation: 


Broken capsule with forceps alone 2 
Broken capsule when erisophake was used because 
of failure to grip capsule with forceps 2 


Traumatic cataract in a patient aged 20 years in 
whom no lysis occurred and an extracapsular 


operation was performed ] 
Vectis removal 1 
Vitreous loss 0 
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Post-operative Complications: 
Prolapsed iris 1 
Retroversion of iris followed by secondary glaucoma 1 


Consideration of Results 


(1) Wound Healing.—This appeared to be normal in all cases and most of 
the eyes were soon white. Some showed a transient slight redness round the 
very fine silk stitches (which are not removed). The suture ends are cut 
close to the knot at the time of operation, and even those not covered by 
conjunctiva caused negligible irritation, and that only for a few days. Others 
showed mild chemosis of the conjunctival frill, which was thought to be due 
to leakage of aqueous, but this always cleared up spontaneously in a day or 
so and needed no treatment. 


(2) Intra-ocular Infections.—There appeared to be no obvious cause for 
the three cases of hypopyon iritis, but it may be noted that two occurred in 
diabetics. The two patients who developed corneal infiltrates had their 
operation on the same day, so that external infection is probable. 


(3) Anterior Vitreous Face —This was examined in many cases at the time 
of refraction for spectacles, and the incidence and degree of hernia through 
the pupil showed no obvious variation from that found in intracapsular 
extraction carried out without A.C.T. 


(4) Prolapsed Iris and Hyphaema.—The four cases of prolapse in the eriso- 
phake series were thought to be traumatic. One patient fell out of bed on the 
6th night causing a prolapsed iris with a solid hyphaema. The prolapse was 
excised and her corrected vision 2 months later was 6/24. A second patient 
pulled up his bedclothes and knocked his eye on the 7th day; a solid hyphaema 
occurred but within 6 weeks his corrected vision was 6/6. A third patient 
poked her eye when putting on her tinted glasses on the 7th day; this caused 
a hyphaema but it had cleared by the 6th week. A fourth patient developed 
a prolapsed iris at home during the 3rd week; on the 2nd post-operative day 
there had been a hypopyon iritis which resolved with atropine and hydro- 
cortisone. It may be that wound healing was arrested in this case by the 
cortisone, but it was not thought that A.C.T. could be held responsible for 
the prolapse. A fifth patient developed a tiny subconjunctival prolapse 
which was left alone. 

The prolapse in the forceps series was a small one between two sutures and 
was replaced on the second day. 


(5) Hypermaturity.—The patient in the forceps series who developed a 
retroversion of the iris above was aged 46; the cataract was hypermature and 
could not be grasped with forceps but was removed by the erisophake; the 
capsule ruptured as the lens came through the incision, but no lens matter 
remained in the eye. Secondary glaucoma (Schidtz 35 mm. Hg) developed 
later and was relieved by a cyclodialysis. The eye still remains rather 
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irritable and the prognosis is uncertain, though at the moment vision is 
still 6/18. 

In the same series a case of bilateral extraction of Morgagnian cataracts 
(H.M.S.) proved interesting. The right lens began to come forward as the 
A.C.T. worked and with gentle pressure at the lower limbus slowly delivered 
itself through the pupil and then through the incision, no attempt being made 
to grasp the capsule. The other lens did not come forward and the capsule 
was too tense for the forceps. It was removed by the erisophake (D.C.G.) 
and the capsule ruptured with escape of milky fluid just as the lens emerged 
from the wound. Both incisions were sutured without difficulty and with 
vitreous faces intact. This case introduces the possibility that complete lysis 
of the zonule may allow the lens to assume an unusually globular shape with 
tightening of the capsule. 


(6) Unusual Cases.—The patient in whom the lens was removed by a vectis 
(H.M.S.) was a woman aged 50 with an old interstitial keratitis and small 
corneae who had developed bilateral glaucoma at the age of 46. One eye 
was later enucleated for absolute glaucoma, the other had a trephine in 1950 
followed by an optical iridectomy below. A cataract developed and was 
removed in November, 1958, through a lower incision. Extensive posterior 
synechiae were broken down mechanically and, although A.C.T. was used 
and a good grip of the capsule was obtained with forceps, the lens showed no 
sign of luxation. Fortunately the lower pole was free and could be lifted 
forwards, so a vectis was slipped in behind it and the lens was successfully 
removed. The wound was sutured and has healed well. 

The capsule broke in another case in which dense fibrous tissue at the back 
of the lens prevented luxation. A good deal of this was excised with scissors 
and the remainder contracted leaving a clear pupil. 


(7) Youth—A.C.T. produces excellent zonulysis in senile cataracts, but 
its use for juvenile cataracts appears to be fraught with grave hazards. Our 
own experience is small, but observation of a series operated upon by Dr. 
Joaquin Barraquer at his clinic in Barcelona impresses us with the fact that, 
although an intracapsular cataract extraction can be done, the contents of 
the eyeball are too traumatized to justify the risk, even using A.C.T. and 
assuming the very best low tension anaesthesia and the greatest technical 
skill on the part of the surgeon. The action of the enzyme on the zonular 
fibres or cement substance is much less effective in young patients, and the 
attachment of the posterior capsule to the anterior vitreous is very definite. 
Our own two cases in young people are interesting. One patient aged 16, 
in the erisophake series, had a successful removal of the lens, but there was 
alarming herniation of vitreous which settled back after a small fluid loss. 
This eye has not done well; the media are still not clear and vision is reduced 
to hand movements. The other patient aged 20, in the forceps series, had 
an old traumatic cataract. The capsule was easily grasped, but no lysis of 
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the zonule seemed to have occurred, the lens remaining firmly in its place in 
spite of the absence of any posterior synechiae. The capsule forceps were 


therefore removed and an extracapsular operation was carried out. 


(8) Vitreous Loss.—One case has been described above. The other 
patient (J.E.H.C.) had a unilateral cataract, and loss of vitreous fluid 
occurred after completion of the corneal section. The A.C.T. seemed to 
lack full action on the zonule, as the erisophake at 250 mm. Hg failed twice 
to extract the Jens. Rather than risk suction of solid vitreous, capsule 
forceps were applied. The lens was lifted forward but found to be adherent 
to the base of the posterior surface of the iris in one segment. Gentle 
traction in a horizontal direction gradually peeled it away and the iris was 
replaced. The patient was 50 years of age and it is believed that he must have 
had some trauma to his eye to cause this equatorial adhesion. His final 
visual acuity was 6/6 with glasses. It may be that traumatized eye with 
vitreous in the anterior chamber is not suitable for the action of A.C.T. if the 
vitreous acts as a barrier to its effect on the zonule. 


(9) High Myopia.—lIt seems to us that it is safe to operate in cases of 
cataractous high myopia using A.C.T.; two patients had both cataracts 
removed at the same operation because the first lens in each case came out 


so easily. We have been fortunate that no lens in our series has fallen back 
into the vitreous after the use of A.C.T., but this must be accepted as a risk if 


the vitreous is very degenerate. Fundus changes were severe in these eyes 


and less than 6/60 visual acuity was achieved by removing the cataracts; but 
these patients are now more independent and better able to do their house- 
work. So far we have encountered no complications with high myopes 
using A.C.T., and we feel that, as there is no drag on the ciliary body, no 
external pressure, and no tumbling, the risk of subsequent retina] detachment 
is reduced. 


(10) Acrylic Implants.—Acrylic anterior chamber lens implants have been 
successfully inserted in seven cases 6 to 8 weeks after unilateral cataract 
extraction. 

(11) Comparison of Enzyme Preparations—The biochemical analysis of 
the three varieties of A.C.T. (Chymotrase, Zonulysin, and Chymarzon), was 
completed by July, 1958, and the assays of their proteolytic action were 
carried out by September, 1958. 

Zonulysin was first used by J.E.H.C. in July, but it failed to act successfully 
and two capsules broke in successive patients. It was not used again until 
new material was obtained after further assay and this has proved satisfactory. 

Chymarzon has given rise to no difficulty and the fact that it is dispensed 
in smal) quantities makes it convenient for small eye centres. It was used 
in the two diabetic patients who developed iritis, but this was thought to be a 
diabetic reaction and not due to A.C.T. 





ALPHA-CHYMO-TRYPSIN 199 


Chymotrase has been used in 70 per cent. of one series (J.E.H.C.) and in 
100 per cent. of the other (H.M.S.). In the former series it proved entirely 
successful, except in one case in which the anterior chamber contained 
vitreous (already described). In the forceps series all the lenses were free, 
except for the traumatic cataract in the youth of 20 and the two cases which 
had extensive adhesions (one to fibrous remains in the anterior vitreous and 
the other as a result of old interstitial keratitis and a trephine for glaucoma). 
One patient in the erisophake series developed an intra-ocular infection 
within 24 hours of operation, but as the same Chymotrase was used for two 
other extractions on the same morning without subsequent infection, we feel 
that it can be exonerated. The patient concerned was a chronic alcoholic 
aged 80 with poor general resistance; her infection was quickly controlled 
with antibiotic therapy and hydrocortisone. 


Summary and General Impressions 


{22 cases of round-pupil cataract extraction with alpha-chymo-trypsin 
are presented. There is no doubt in our minds that the removal of senile 
and pre-senile cataracts is made much easier by this enzyme, and it is our 
impression that no damage results to any of the ocular structures from its use. 
Most surgeons have been successful with the intracapsular method for years 
past, but in this new way one is relieved of a great deal of tension and anxiety. 
The battle between the zonule and the capsule is already won by the time one 
comes to remove the lens, and the vast majority can be virtually lifted out; 
indeed, now we are accustomed to A.C.T., we would not willingly operate 
without it. 

Our experience in following the Barraquer technique has shown that almost 
all lenses can be removed by the erisophake in conjunction with the enzyme. 
Capsule forceps will not remoye all lenses and the erisophake must be used 
when a capsule cannot be grasped. But to those surgeons who are not happy, 
for one reason or another, to introduce a relatively large suction cup into 
the anterior chamber and to depend on a mechanically created vacuum, the 
series of cases in which the well-known Arruga capsule forceps have been 
used may be of some interest. 


The success of the method with cararacts occurring in the lower age groups 
must await further experience, and this is not likely to stem from Tunbridge 


Wells. 

Our thanks are due to Dr. Joaquin Barraquer and the firm of PEVYA, Barcelona, for encour- 
agement and a liberal supply of Chymotrase for clinical trial; to Armour Laboratories, Hamden 
Park, Eastbourne, and in particular to Mr. Purdie for his technical advice concerning the manu- 
facture and supply of Chymarzon; and to Mr. Ware of Maw, Son, and Sons Ltd., Barnet, 
Herts., for his advice and supply of Zonulysin. Lastly we should like to thank Mr. J. A. Cox, 
our Senior House Officer, for his uniformly skilful and successful local anaesthesia and assistance. 
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CATARACT EXTRACTION WITH THE AID OF 
ALPHA-CHYMO-TRYPSIN* 


BY 


D. AINSLIE 
London 


SINCE the description by Barraquer in May, 1958, of the use of alpha-chymo- 
trypsin in cataract extraction, interest in its use has been widespread. This 
short paper presents factual observations on 32 consecutive cases in which 
the substance has been used. 


Operative Technique 


In all cases section was made with the von Graefe knife and one to three corneo- 
scleral sutures were inserted. Peripheral iridectomy was performed in all except 
two cases where the iridectomy was complete. Alpha-chymo-trypsin (A.C.T.) 
1:5000 solution was injected through the iridectomy above and posterior to the iris 
below. After exactly 3 minutes the anterior chamber was irrigated with saline and 


the lens was removed by traction. 
In 24 cases the mechanical erisophaket was used, and in eight the capsule 


forceps (Arruga). Where capsule forceps were employed the lens capsule was 


gripped above in the 12 o’clock position. 


Results 


In no case was any serious operative difficulty encountered and it seemed 
clear that the A.C.T. had greatly weakened the zonule. In several cases 
the lens appeared to be lying completely loose, but in others moderate 
traction was still required to achieve the rupture of the zonule. In one case 
the erisophake slipped off the lens but was successfully re-applied; in one 
case (in which the erisophake was being used) the capsule ruptured but was 
delivered complete and the small amount of soft lens material which remained 
absorbed completely. There has been no vitreous loss in any case. 

The 32 patients fell into the following age groups: 

Over 60 yrs 
50 to 60 yrs 


40 to 50 yrs 
Under 40 yrs 


The youngest patient in the series was aged 28 and his cataract was due to 
trauma. One patient had previously had an operation for glaucoma and 
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another had hypoparathyroidism. In the remainder of the cases the catar- 


acts were senile or pre-senile in origin. 


Post-Operative Complications 
Striate Keratitis was present at the first dressing in sixteen cases, in all of 
which the erisophake had been used. In all but one instance the corneal 


changes settled rapidly. In the remaining case the striae have persisted for 
8 weeks, but are gradually disappearing. 


Hyphaema of over 2 mm. occurred in one case. 


Secondary Glaucoma developed 4 weeks post-operatively in one patient. 
The glaucoma is at present controlled after cyclodialysis and cyclodiathermy. 


Discussion 


There is no doubt that alpha-chymo-trypsin is effective in reducing the 


strength of the zonule and it does not appear to damage other intra-ocular 
structures. The results in this small series suggest that the erisophake, 


rather than the A.C.T., was responsible for the occurrence of striate 
keratitis. As capsule forceps appear to be just as effective it seems logical to 
use them in preference to the erisophake. Of the other complications 
mentioned, it seems improbable that the hyphaema was connected with the 
use of A.C.T. The secondary glaucoma occurred in a patient whose anterior 


chamber was very slow to reform and in whom peripheral anterior synechiae 
occurred; this patient also had moderate striate keratitis which almost 


certainly predisposed to the formation of the adhesions between iris and 
corneal periphery. 
Summary 


(1) Alpha-chymo-trypsin has been used in 32 consecutive cataract 
extractions. 


(2) No serious complications occurred during operation. 


(3) Striate keratitis is very liable to occur when the erisophake is used, but 
does not appear to follow the use of capsule forceps. 


(4) One case of aphakic glaucoma occurred post-operatively. 


The alpha-chymo-trypsin used was the Chymotrase (Quimotrase) brand, supplied by PEVYA 
Laboratories, Barcelona, Spain. 
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ALPHA-CHYMO-TRYPSIN IN CATARACT EXTRACTION* 
BY 
E. C. ZORAB 
Southampton 


ALPHA-CHYMO-TRYPSIN has been used as an aid to lens extraction in 26 eyes 
of 23 patients whose ages range from one to 88 years. 


Operative Technique 

A von Graefe section and peripheral iridectomy were followed by the injection of 
0-5 ml. alpha-chymo-trypsin through the iridectomy (half the dose nasally and 
half temporally). After a pause for exactly 3 minutes during which time a corneo- 
scleral suture was placed, the anterior chamber was irrigated with saline. The 
lens was extracted with the erisophake with 350 mm. Hg suction. 1 per cent. 
pilocarpine was injected into the anterior chamber, and the wound closed with 
two further sutures. Air was injected into the anterior chamber. 

In the first fifteen cases the Spanish alpha-chymo-trypsin was used (Chymotrase 
1:5000 PEYVA). In four of these cases the solution had been preserved for a 
week at 4°C., and did not seem to work nearly so well as the fresh solution. 
Subsequently the British equivalent (Zonulysin 1:5000 Maw) was used fresh for 
every case. 


Operative Difficulties 


In 22 eyes the operation was smooth and straightforward; the lens was 
either loose or completely dislocated forwards and was removed with the 
erisophake without trouble. 

In one case the lens almost delivered itself and delivery was completed with 
capsule forceps. In three cases the lens seemed to bulge forwards so much 
that it was extremely difficult to insert the erisophake into the anterior 
chamber. Being still behind the iris the lens could not easily be delivered 
with capsule forceps applied to its upper margin, and persistence with the 
erisophake caused further dislocation and loss of vitreous in one case. In 
the other two the iris was brushed up over the upper margin and capsule 
forceps were applied to complete the delivery. 

A lower vitreous pressure would have avoided these difficulties. It is 
inevitable that digestion of the zonular fibres should enable the lens to assume 
a more spherical shape, and this is not an advantage. 


Later Complications 


It is difficult to know whether such complications as occurred were 
influenced by alpha-chymo-trypsin or would have occurred in any event. 





* Received for publication January 12, 1959. 
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The first patient in the series developed a large vitreous haemorrhage on the 
fourth day and it was soon apparent that there was a large detachment of 
the retina. 

Another patient had had an early Fuchs’s endothelial dystrophy before the 
operation, and this was made much worse by operation although the extrac- 
tion was quite straightforward. 

In another patient striate keratitis persisted for 2 weeks, but finally cleared 
altogether. In one patient a number of undigested zonular fibres lay across 
the face of the vitreous 2 months after operation, but they interfered very 
little with the corrected visual acuity (6/9). 


Conclusion 


In this small number of cases my impression is that for the patient over 
60 years of age the addition of alpha-chymo-trypsin is of so little advantage 
as to be scarcely worth the extra manipulations involved. 

In younger patients, however, it becomes of increasing advantage the 
lower the age. 

It is significant that in patients aged one year and 32 years and in several 
aged 50-odd years cataracts were delivered with equal ease. No deleterious 
effects on the ocular tissues attributable to enzymatic action were noted 
other than the possible effect on Fuchs’s dystrophy, and the rather doubtful 
production of vitreous haemorrhage. 
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SUDDEN BLINDNESS IN CRANIAL ARTERITIS* 


BY 


GERALD PARSONS-SMITH 
Western Ophthalmic Hospital (St. Mary’s Hospital), London 


THAT vision may be affected during an attack of cranial arteritis is well 
recognized, but that loss of sight may herald the disease is less well appre- 
ciated. The purpose of this paper is to describe the visual symptoms that 
may occur at any stage and to describe the treatment of the ocular distur- 
bance, which may, if begun early enough, prove successful in restoring sight 
and averting permanent blindness. 

Usually one of the main scalp arteries is first involved, the process then 
spreading in random fashion to the others, to the main carotid trunks, and 
very constantly to the branches to the maxillae. Each artery remains in- 
flamed for several days, during which it is extremely painful. The vessels 
involved appear as solid cords and may be completely thrombosed or the 
lumen may be reduced to a small slit. A sub-acute inflammatory process is 
present in the media, which, together with the internal elastica, may become 
necrotic. The vasa-vasorum are occluded and the intima is often grossly 
thickened, so that the calibre of the artery is reduced and peripheral ischaemic 
damage ensues. The chronic process spreads longitudinally, the vessel wall 
is infiltrated with lymphocytes, and a giant cell reaction may be excited. 
The disease only occurs in the older age groups and has not been seen under 
the age of 55 years. 

Eye complications occur.in about half of the cases. Birkhead, Wagener, 
and Shick (1957) describe 55 patients with cranial arteritis, 56 per cent. of 
whom had ocular involvement, and in 36-4 per cent. there was loss of sight 
of varying degree. Five of their cases were bilaterally blind and six uni- 
laterally blind. Disturbance of vision is usually the result of occlusion of 
the blood vessels to the retina or optic nerve, though in some cases the 
oculomotor mechanisms are damaged. Patients blinded by the illness can 
be placed into one or two groups: those with ischaemia of the retina and 
those with ischaemia of the optic nerve. In the latter the clinical picture is 
either one of papilloedema or of retrobulbar neuritis and the differential 
diagnosis may be difficult. The pattern of visual field loss in cranial arteritis 
has not previously been stressed and the central scotomata seen with demyel- 
inating conditions of the optic nerves have rarely been encountered. 





* Received for publication June 9, 1958. 
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Meadows (1954) depicted the fields in four of his patients, in whom only 
small peripheral sectors were preserved. 

In a number of cases eye symptoms and not headache first cause the patient 
to seek medical aid. Thus Parsons-Smith (1952) described fifteen cases in 
which the disease had presented with various signs or symptoms which 
included papilloedema, thrombosis of the central retinal artery or its branches, 
macular haemorrhages and exudates, ocular pain, and diplopia. What 
perplexes the physician is that these vascular catastrophes may occur in 
vessels which are, temporarily, the only ones to be involved, and widespread 
arteritis may not even be considered. This important variant from the usual 
clinical picture of the elderly patient with an exquisitely tender scalp who 
later suddenly loses the sight of one or both eyes was exemplified in the sixth 
case described by Birkhead and others (1956). The patient was an octo- 
genarian who, following a cold, suddenly lost the vision in the right eye and 
2 days later in the left eye. He had no pain and the temporal arteries 
appeared to be quite normal. Biopsy of the right temporal artery, however, 
revealed temporal (cranial) arteritis. In the past many such cases may have 
been diagnosed as senile bilateral retrobulbar neuritis. 

When the blood supply to the eye is involved the attack is sudden and 
vicious and permanent blindness is to be expected. Meadows (1954) 
described twelve patients with temporal arteritis who received no special 
treatment after sudden bilateral visual failure: eight were left completely 
blind and the remaining four had only hand movements or counting fingers 
in one portion of one or both eyes. He referred to post-mortem evidence of 
arteritis and occlusion of the central retinal artery early in its course, before 
it had entered the optic nerve. He suggested that the visual loss which is 
accompanied by little change in the fundus oculi, apart from blurring of the 
optic discs, was due to involvement of the short ciliary arteries as they took 
part in the formation of the arterial circle of Zinn surrounding the nerve head. 
Marked recovery of vision occurred in only one of his cases, and in this 
patient vision improved from counting fingers to 6/18 in one eye, but the 
other eye remained blind. Meadows commented that spontaneous recovery 
from the painful effects of temporal arteritis may be expected, but that any 
improvement in vision is rare. 

Anticoagulant therapy had been found effective in certain cases of occlu- 
sive disease of the retina by Duff, Falls, and Linman (1951) and a patient 
whose sight was affected in both eyes by cranial arteritis recovered the sight 
of one eye after a course of heparin (Parsons-Smith, 1952). Significantly 
better results have been achieved since the introduction of the adreno- 
corticotrophic hormone (ACTH) and the corticosteroids, though even with 
these preparations some published results have been disappointing. Bennett 
(1956) surveyed the response to hormone therapy in six of his own cases and 
in twenty cases reported in the literature, and he concluded that the prognosis 
for recovery of vision was significantly better in cases treated with cortisone. 
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Whitfield, Cook, Evans, and Rudd (1953) found improvement in five of their 
ten cases who had lost their vision for periods of 10 days or less, but in only 
one of their cases was cortisone given on the day that bilateral blindness 
commenced. She was a woman aged 66 who had been admitted to hospital 
because of the severity of her cranial arteritis and whose vision in each 
eye suddenly deteriorated to counting fingers. Cortisone was given im- 
mediately and her vision was saved, so that 6 months later the visual acuity 
was 6/6 in the right eye and 6/18 in the left, though the fields in both eyes 
were considerably constricted. Caccamise (1956) treated with a 10-day 
course of intravenous ACTH a patient with temporal arteritis who had been 
blind in both eyes for 2 days. Although progress was slow the visual acuity 
4 months later in the right eye was 20/30 for distance and J.4 at 14” with 
+2:5D sph. There was only vague perception of light with the left eye. 
It now seems likely that the variability in the response depends both upon 
the length of the interval between the onset of blindness and the first dose of 
the hormone, and also upon the site of the arterial lesion. 

Birkhead and others (1957) compared the results before and after the intro- 
duction of the corticosteroids. Since the use of cortisone the number of those 
bilaterally blind on discharge from hospital was no greater than the number of 
those bilaterally blind on admission and there were only two additional blind 
eyes. Incontrast, in the groups seen before the advent of adrenal corticosteroid 
therapy, there was a 3-fold increase in the number of patients who suffered 
bilateral blindness during the illness and an increase in the number of blind 
eyes, from 16 to 24, during course of treatment. Among patients seen before 
hormone treatment became available, five who were blind in one eye at the 
time of admission became blind in the remaining eye whilst under observa- 
tion, but there were no similar occurrences among patients who received 
hormone therapy. On the basis of their study of 250 cases in the literature, 
bilateral blindness can be expected in 22 per cent. of cases of temporal 
arteritis; it had occurred in 17 per cent. of their patients in the Mayo Clinic 
not treated with cortisone and in only 9 per cent. since the corticosteroids 
had been used. 


Material 


Fifty consecutive patients with temporal arteritis are reviewed in this paper. 
They were seen at the Western Ophthalmic Hospital over a period of 5 years and 
ACTH was available if vision failed. In many patients the diagnosis was not 
difficult, the illness running the usual course, but atypical clinical pictures were 
encountered. Difficulty with ancillary methods of investigation, such as the 
erythrocyte sedimentation rate and results of biopsy, became apparent. Too 
much weight should not be attached to the erythrocyte sedimentation rate, which 
is usually raised in the syndrome, since near to normal figures may be obtained 
in the earliest stages and the rise may occur later. Not infrequently, a piece of 
artery is examined at biopsy which shows no specific abnormality, but when a 
more peripheral portion of the same artery is examined typical changes are seen. 
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Now that the clinical features of the syndrome are so well recognized, it is not 
considered necessary to prove the diagnosis by biopsy, and in no case should 
appropriate treatment be delayed pending such investigation. 

Corticotrophin (ACTH) is considered the most suitable therapeutic hormone, 
because patients who are affected with this disease fall into the highest age groups. 
With ACTH the physiological integrity of the adrenal cortex is preserved, and it is 
easier to wean elderly patients from the preparation than it is to withdraw the 
corticosteroids which produce adrenal suppression. No difficulties have been 
encountered in administering it and there have been no side-effects in this group. 
It is true that the strength of various batches of the preparation may vary, but 
lately it has become more stable and the recently produced brands are safe and 
reliable. The treatment should be continued for 21 to 28 days, during which 
time the patient should be in hospital or confined to his home. For the first 2 
days ACTH was given intravenously, 25 units being given each day. For the 
third and fourth days, 50 units were given intramuscularly every 6 hours, and after 
that the dose was reduced to 20 units intramuscularly twice daily. During the 
final week the dose was gradually reduced. Care must be taken with new prepara- 
tions that they are suitable for intravenous injection. In emergency, it is recom- 
mended that 5 mg. prednisolone be given by mouth three times daily, with an 
initial dose of 15 mg., switching over to the ACTH as soon as possible. In one 
of the cases described below, heparin was given synchronously with ACTH. 

The fifty patients were all over the age of 55. There were twenty male and thirty 
female patients. In fifteen of the fifty cases, there was evidence of severe hyper- 
tensive heart disease, the blood-pressure being above an arbitrary figure of 200 mm. 
systolic and 110 mm. diastolic. In every case, there was eventually no doubt on 
clinical grounds that the patient was suffering from a diffuse inflammatory process 
which involved the scalp arteries, and in the majority other cranial arteries were 
also involved. In no case did the diagnosis depend upon a biopsy study. The 
presenting symptoms and signs are tabulated below: 





— 
=_ 


Severe headache .. 





Artery—Central retinal occlusion 
Retinal branch occlusion ; 
Haemorrhages and exudates .. 





Optic nerve—Papilloedema 
Retrobulbar neuritis 
Optic atrophy 





Sixth nerve palsy 





Ocular pain 





Cerebral lesion—Field defects .. 





NY} Pl ul al ynwr] ama 





Central retinal vein branch thrombosis 





ACTH was used in twelve of the cases, and cortisone was given in one other, 
this preparation having been started elsewhere when vision had failed. These 
thirteen cases are reported separately, since different clinical features emerge from 
each which may prove of value in diagnosis and treatment. 
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Report of Cases Treated with ACTH 


Three distinct clinical groups of blindness have been treated with ACTH: five 
patients who presented with evidence of retinal artery disease, three with retro- 
bulbar neuritis, and five with papilloedema. 


(1) RETINAL ARTERY DISEASE 


Case 1, a 68-year-old female, was seen on August 2, 1956, with a thrombosis of the right 
central retinal artery. She had lost the sight of the right eye for 7 days. Visual acuity 
was 6/5 with the left eye and the right was blind. The right disc was ill-defined, with a 
patch of exudate below and confluent with it. There were scattered white areas around 
the vessels in the central area. The left fundus showed mild arteriosclerotic changes, 
Blood pressure 210/100. Erythrocyte sedimentation rate 70 mm./hr. She had had 
severe headache and local pain in the scalp when combing her hair. Eating had been 
difficult because of pain in the jaw, and the right carotid artery was tender to palpation. 
She was given a 2-week course of ACTH with no improvement in vision. On August 26, 
1956, when she had been without the hormone for 10 days, the sight of the left eye suddenly 
failed. She then had no perception of light with the right eye and counting fingers only 
with the left. The left disc was blurred. The erythrocyte sedimentation rate was 25 
mm./hr. ACTH was recommenced within a few hours, and continued for one month, 
and recovery of vision was rapid. On October 3, 1956, the visual acuity in the left eye 
had improved to 6/12 and J.6, though the field was very constricted; 5 months later, the 
visual acuity in the left eye had improved to 6/9 and J.4 corrected, but the visual field was 
unchanged (Fig. 1). The right eye was blind. Both discs had become atrophic. 


LEFT EYE 


Fis. 1.—Case 1. Visual field in the left 
eye constricted to less than 10°. Visual 
acuity 6/12. 5/330 White. 





March (1, 1957 


The first patient with cranial arteritis, blind in one eye as a result of a central 
retinal artery occlusion, subsequently lost the sight in the remaining eye because 
of an ischaemic lesion within the optic nerve. Immediate administration of 
ACTH restored vision in the second eye to be involved. 


Case 2, an 81-year-old female, was seen on April 25, 1955, with a thrombosis of the 
right central retinal artery. She had lost the sight of this eye 14 days previously. Visual 
acuity was hand movements in the right eye, and 6/24 in the left. The right disc was 
atrophic, Blood pressure 160/85. For a month, she had suffered from agonizing pain 
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in her temples and had not been able to eat owing to local pain in the upper jaw. She 
was warned to report immediately should any symptoms develop in her left eye, and was 
seen regularly because the pain in her temples was unusually severe. 18 days later she 
woke to find she was blind, the left central retinal artery having become occluded. She 
was admitted the same day and was given her first dose of ACTH intravenously. Visual 
acuity was then no perception of light in the right eye, and counting fingers in the left. 
4 days later the visual acuity in the left eye had improved to 6/18, the following day to 
6/12, and on the tenth day of treatment to 6/9. 5 months later, the visual acuity was 
hand movements in the right eye and 6/9 and J.1 with glasses in the left. 2 years later, 
she reported that she had been living an active life, reading books and newspapers. The 
left disc then showed some slight pallor, and the left temporal artery was not pulsating, 
whilst the right was normal. 


The second patient was already under observation when the second central retinal 
artery became involved. ACTH was given within a few hours and she recovered 
the vision in this eye. 


Case 3, a 78-year-old female, was seen on April 4, 1956, with haemorrhages scattered 
over both fundi. There was no swelling of the discs. She had lost the sight of both eyes 
for 2 weeks and visual acuity in each eye was perception of light only. For a month she 
had endured “‘excruciating”” headache, an abnormally severe sore throat, and severe pain 
in the jaws. Her daughter had noted swollen blood vessels on the temples and she could 
not comb her mother’s hair because the scalp was so tender. The patient refused to come 
into hospital, and was given 40 units ACTH daily, as an out-patient. 7 days later she 
had lost her pain and “‘the curtain had slowly lifted from the left eye’. The vision with 
the right eye improved to hand movements and with the left to counting fingers so that 
she was able to see her way around her home. ACTH was given for 5 weeks, and the 
haemorrhages disappeared; the discs were only slightly pale, but no further improvement 
in vision took place. Even so, she was able to read the headlines of a newspaper with 
the left eye and could help with cleaning in the home, the daughter noticing on one occa- 


sion that her mother had seen some cigarette ash on the carpet and had brushed it up. 


From the fundus appearances alone, this patient showed signs of gross hyper- 
tension with scattered haemorrhages. There was a delay of 2 weeks between the 
onset of blindness and starting ACTH therapy and only a slight degree of vision 


was recovered. 


Case 4, a 75-year-old female, was seen on May 17, 1956. She had developed cranial 
arteritis in June, 1955, when, because of the severity of the pain, she had been placed on 


cortisone in another hospital with good effect. A month later, unfortunately, she forgot 
to renew the prescription, and within a few days had lost the sight of the left eye. A 


further supply of cortisone was obtained, but there was no recovery of vision. When 
seen in May, 1956, she had mild generalized arteriosclerosis. Blood pressure 170/85- 


Visual acuity was 6/60 in the right eye and no perception of light in the left, and the left 


disc was pale. She was then on 25 mg. cortisone acetate three times a day, and every 


time this dosage was reduced she thought that the vision in the right eye deteriorated, so 
she will have to continue with it indefinitely. 


A patient taking cortisone accidentally omitted the tablets and produced an 
occlusion of the left central retinal artery. It has not since been possible to wean 


this patient from cortisone. 


Case 5, a 68-year-old male, was seen on April 13, 1953, with a history of gradual visual 
failure in both eyes. He had extensive bilateral retinal haemorrhages and the arteries 
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were attenuated. In addition, he had a left-sided homonymous hemianopia which dated 
back to a cerebral insult sustained 18 months previously. The visual acuity in both eyes 
was 6/9. Blood pressure 220/120. He had active temporal arteritis and on this account 
was seen frequently and warned to report immediately should his vision deteriorate. His 
symptoms of cranial artéritis worsened and on May 11, 1953, vision failed in both eyes: 
the visual acuity was 6/24 in the right eye and no perception of light in the left. ACTH 
was begun the same day: after 3 days there was some recovery of vision, and 10 days 
later the visual acuity in both eyes was 6/9, but the visual fields were severely constricted. 


We were not able to follow this patient’s further progress. 


Although this man had evidence of retinal disease and when vision failed in 
both eyes the loss was unequal, other features were noted whilst he was recovering 
which suggested that the arteritis had also affected the blood supply to the visual 
cortex. At all events, the response to ACTH was fairly satisfactory. 


(2) RETROBULBAR NEURITIS 


Case 6, a 73-year-old male, was seen on November 29, 1956, with pallor of both optic 
discs and visual acuity of counting fingers with each eye. Blood pressure 175/100. 


The vision with both eyes had deteriorated suddenly 2 months before he had first attended 
hospital on October 3. As he was then an extremely heavy smoker, he was advised to 
give up cigarettes, but the visual acuity continued to deteriorate. The visual fields showed 
large central and paracentral scotomata (Fig. 2). His eyeballs became very tender and 
he developed such severe pain in his scalp that he could not brush his hair. He lost his 
appetite and could not masticate because of the pain in the jaw. The erythrocyte sedi- 
mentation rate was 27 mm./hr. In spite of the length of the history, it was thought that 
ACTH should be tried, and he was admitted to hospital on December 3, 1956. ACTH 
was delayed until December 10 because of an intercurrent respiratory infection, but 4 
days after starting the treatment the visual acuity had improved to 6/60 in both eyes, and 
18 days later, it was 6/60 with the right eye and 6/36 in the left. A month later, it had 
improved to 6/24 in both eyes, and by February 2, 1957, he achieved 6/9 in both eyes 


corrected, the fields were full, and the scotomata had cleared. 


RIGHT LEFT 
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Fic. 2.—Case 6, showing large bilateral, central, and paracentral scotomata. Visual acuity 1/60 
in the right eye and 1/60 in the left. 5 mm. White. 
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It is difficult to understand the underlying pathology in this remarkable case. 
There was a 17-week interval between the loss of sight and the commencement of 


the ACTH therapy, yet there was a good response to the injections. It is note- 
worthy that he had been an extremely heavy smoker and this fact may have pro- 


duced spasm superimposed upon the organic narrowing produced by the arteritis. 
Case 7, a 58-year-old female, was seen on February 23, 1953, with a swollen left optic 


disc and a history suggestive of retrobulbar neuritis. She had suddenly lost the sight of 
the left eye 10 days previously; visual acuity was 6/9 in the right eye, the left eye was blind. 
Blood pressure 190/100. Because the left temporal and occipital arteries were extremely 
tender to palpation, the former being swollen and thrombosed, she was warned to report 
immediately should any unusual symptoms develop in the right eye. 22 days after her 
first symptom the right eye became painful and 2 days later she was blind. She was 
admitted to hospital immediately. The visual acuity was hand movements in the right 
eye, and no perception of light in the left. Within a few hours she was given ACTH 
intravenously. The response to this was at first only very gradual, but on the third morn- 
ing she had improved so that the visual acuity was 6/9 with the right eye, and hand 
movements in the left. The ACTH was continued for 3 weeks and the headache subsided. 
On April 27, 1953, the visual acuity was 6/9 and J.4 corrected in the right eye and counting 
fingers in the left. She suffered from occasional headaches throughout that summer, 
but by October 15, 1953, these had ceased and the visual acuity in the right eye had im- 
proved to 6/9 and J.1 corrected. 4 months later, the right disc appeared normal and the 
visual acuity was 6/6; the left disc was very pale and the visual acuity 6/36. Since then, 
the right eye has remained normal and the left has slowly improved to 6/24 on August 10, 
1954, and 6/12 on March 22, 1955. She reported on October 24, 1957, that since her last 
visit she had remained in perfect health. The visual acuity in the right eye was 6/6 and 
the fundus was normal. In the left eye she could manage 6/9, but the disc was very pale. 
The only other clinical abnormality was a non-pulsating left temporal artery. 


This, another remarkable case, presented with typical unilateral retrobulbar 
neuritis. Although this was associated with cranial arteritis, it was not at the 
time thought that ACTH could be of any benefit as vision had already been lost 
for 10 days. The patient was warned, however, and when the second eye failed, 
ACTH was given within a few hours. The expected improvement in vision took 
place in this eye, and at the same time, most surprisingly, the vision was also 
recovered in the first eye to be involved, the interval between blindness in the eye 
and the first dose of ACTH being over 3 weeks. 


Case 8, a 74-year-old female, was seen on May 13, 1957, with a history suggestive of 
left-sided retrobulbar neuritis, the vision having suddenly deteriorated 7 days previously. 
She gave a history of a recent sensory epileptic attack involving the right side of the body. 
The tendon reflexes were slightly increased on that side and, as the left carotid artery 
was not pulsating as well as the right, it seemed likely that the symptoms in the left eye 
and those down the right side of the body arose from a disturbance within the left carotid 
tree. The visual acuity in the right eye was 6/6 corrected, and in the left 6/60 corrected. 
The left optic disc was pale and there was no significant abnormality in the visual fields. 
The erythrocyte sedimentation rate was 80 mm./hr. Blood pressure 180/90. 

The patient was kept under observation and a month later developed symptoms of 
diffuse cranial arteritis. She could not comb her hair because of pain or put her head on 
the pillow. The left occipital artery was swollen and exquisitely tender. Although she 
had been warned about the possibility of visual loss, she did not return immediately when 
this occurred in both eyes. She was very inaccurate and it is not known precisely how 
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long she had been blind, but the period was at least a fortnight, the right eye having failed 
slightly before the left. A course of ACTH was begun on June 18, 1957, 43 days after 
the first symptom had been noticed in her left eye. The visual acuity was then counting 
fingers in both eyes, but the only abnormality in the fundi was a pale left optic disc. 9 
days later there was some slight improvement to 6/60 in the right eye and counting fingers 
in the left. A month later, the acuity in both eyes was 6/60, and a year later, it was 
6/36 in both eyes. 


This case has some interesting features: the retrobulbar neuritis preceded the 
symptoms of cranial arteritis by a month; the disease recurred in the eyes so that 
vision was lost in both; there was certainly response to ACTH in spite of an 
interval of about 2 weeks between the onset of blindness and starting treatment. 
A fourth remarkable point is the extraordinary degree of composure that these 
patients exhibit when they lose their sight, a feature that has been stressed by 
other authors. 


(3) PAPILLOEDEMA 


Case 9, a 67-year-old female, was seen on April 12, 1955, with right-sided papilloedema, 
with beading of the veins and small disc haemorrhages. The left disc was slightly 
blurred. She had lost the sight of the right eye for 7 days and the left eye had failed that 
morning. The visual acuity in the right eye was no perception of light, and in the left 
counting fingers. Erythrocyte sedimentation rate 76 mm./hr. Blood pressure 138/70. 
She had severe symptoms of temporal arteritis, and ACTH together with heparin was 
commenced immediately. The visual acuity in the left eye slowly improved, so that 
12 days later she could read J.8, after another 3 days J.4, and 4 days after that J.2 and 6/9 
with corrections. Meantime the visual acuity in the right eye improved to hand move- 
ments. The improvement which took place in the visual field of the left eye is shown in 
Fig. 3. 6 months later she could appreciate hand movements with the right eye and in 
the left the visual acuity was 6/9 and J.1. Both optic discs had then become very pale 
and for some unaccountable reason her blood pressure had risen to 250/120 on August 
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(i) April 13, 1954 (ii) August 8, 1954 
Fic. 3.—Left eye of Case 9. 


(i) Visual acuity counting fingers. 20/330 White. (ii) Visual acuity 6/9. 3/330 White. 
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This case was already under observation with acute unilateral papilloedema and 
haemorrhages when the second eye was affected. ACTH was given within a few 
hours and the vision was recovered. 


Case 10, a 73-year-old female, was seen on June 21, 1954, with left-sided papilloedema. 
She had lost the sight in that eye 4 days previously, and had suffered for a month from 
severe pain in the left occiput and left temple, so much so that it hurt to put her head on a 
pillow, and the pain had radiated into the jaw and made eating difficult. Both temporal 
arteries were prominent, pulseless, and extremely tender. The visual acuity in the right 
eye was 6/9 with some constriction of the visual field, and counting fingers in the left. 
Erythrocyte sedimentation rate 7 mm./hr. Blood pressure 200/110. 

She was warned to return immediately if any disturbance developed in the right eye, 
and 27 days after her first attendance she woke to find that the sight in the right eye had 
deteriorated. She was not seen in hospital until the following morning, when the visual 
acuity was perception of light in the right eye, and the left eye was quite blind. The 
right disc was swollen. ACTH was begun within 36 hours of the first symptom in the 
right eye and there was some response. Within a few days, the visual acuity in the right 
eye had improved to counting fingers, she was able to get about the ward without running 
into obstructions. 2 months later, she was able to see enough to walk to the town and 
do her shopping and could just see the headlines of a newspaper. On November 14, 1957, 
the visual acuity in the right eye was hand movements at 10’, and with a magnifying glass 
she could just manage N.36. The left eye was quite blind. 


This case shows that delay in instituting ACTH, by as little as 36 hours, may 
make it less effective. Even so, the patient made slight improvement. 


Case 11, a 75-year-old male, was seen on July 11, 1957, with right-sided papilloedema 
and loss of sight 5 days previously. The left eye was not affected. For a month he had 
suffered from severe headache which he had associated with “‘sudden swelling of the 
temple veins’. He had lost his appetite and had pain in the right maxilla, throat, and 
tongue. The right eye was quite blind and the visual acuity was 6/9 in the left eye. 
Erythrocyte sedimentation rate 81 mm./hr. Blood pressure 185/90. ACTH was started 
5 days after the loss of sight and within a week the pain had gone and the swelling of the 
disc had subsided. For years he had had generalized rheumatism and this was tem- 
porarily relieved with ACTH. No recovery of vision took place in the right eye, but 
the left remained unaffected. On November 18, 1957, he was in good health. Neither 
temporal artery was pulsating, but there was no tenderness. The right disc was pale, 
and the eye blind whilst the visual acuity was 6/9 in the left eye. 


The institution of ACTH 5 days after the onset of blindness was effective in 
causing the papilloedema to subside and the rheumatism to abate, but no recovery 
of vision ensued. 


Case 12, an 82-year-old male, was seen on May 17, 1954, with bilateral papilloedema. 
He had lost the vision of the left eye for 12 days and of the right for 10, and had endured 
the symptoms of temporal arteritis for a month. The visual acuity in the right eye was 
hand movements only, and the left was quite blind. Blood pressure 135/80. ACTH 
was started 2 days later, and though no improvement took place in the left eye, achieved 
6/60 after 10 days with the right. 


ACTH was started 12 days after blindness and there was some slight recovery. 
Case 13, a 76-year-old female, was seen on January 8, 1957, with bilateral papilloedema. 


She had lost the sight of the left eye for 7 days and that of the right for 4. The visual 
acuity in the right eye was 6/60, and in the left perception of light. Blood pressure 
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220/80. Her temporal arteries were swollen and inflamed, she had had difficulty with 
eating owing to pain in the jaw, and severe pain behind her ears which she had thought 
was due to mumps. She had not been able to brush her hair because of tenderness over 
the scalp. ACTH was started on January 10, 1957, when the visual acuity in the right 
eye was perception of light and the left was quite blind. Only slight improvement 
resulted from the treatment; 2 months later she could count fingers with the right eye, 
but the left eye which was the first, to be affected remained blind. Even with the slight 
amount of sight remaining to her she was able to get around her room and her family 
were surprised how much she was able to see. 


In this case of bilateral papilloedema ACTH brought only slight improvement 
in the eye which had been blind for 4 days, and the other eye which had been blind 
for a week was not influenced by the treatment. 

Discussion 

Most symptoms of cranial (temporal) arteritis clear spontaneously, but 
when the blood supply to the eyes is involved the sequelae are likely to be 
permanent. In this series of fifty patients with cranial arteritis who attended 
an eye hospital, the course of the illness extended in most cases over a period 
of about 3 months by which time the pain had usually subsided, and in cases 
of diplopia the oculomotor lesion had resolved. No spontaneous improve- 
ment was expected, nor did it take place, in patients who had been blinded 
by the disease and received no specific treatment. 

A study of the eleven patients in whom the arterial blood supply to the 
retina was involved and of the twelve patients who presented with signs of 
optic nerve disease has shown that no further deterioration of vision took 
place in those who were treated with ACTH. Indeed, in several cases, a 
surprisingly good response to the hormone was achieved. In all, 33 blind 
eyes were encountered. Nine of these were not given ACTH and not one 
improved. In 24 eyes in which vision had been reduced to counting fingers 
or less, a course of ACTH was prescribed. Sight was restored in eleven of 
these eyes, and in a further four sufficient sight was regained to enable the 
patients to get around in the home and look after themselves. No patient 
who received ACTH progressed to complete bilateral blindness. 

It is apparent that the interval between the onset of blindness and the first 
dose of ACTH should be as short as possible. Every hour of delay worsens 
the prognosis and the condition must be regarded as an acute emergency. 
Study of the literature shows that, when poor results followed the use of 
corticosteroids, there had generally been delay in prescribing them. If the 
hormone can be given within a few hours of the onset of blindness, vision is 
likely to be regained. In this series, six eyes treated within 12 hours with 
ACTH all recovered. In the seventh case, one of papilloedema, there was a 
delay of 36 hours and recovery was only slight. This urgency of prescribing 
ACTH applies equally to each of the three clinical groups, though unex- 
pectedly good results were achieved in those with retrobulbar neuritis in 
spite of prolonged delay. 
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An important clinical feature has emerged from this study, namely that 
ocular symptoms may antedate general cranial arteritis by weeks or months. 
The patient reported by Birkhead and others (1957), who had lost the sight 
of both eyes suddenly and had had no pain yet showed biopsy evidence of 
temporal arteritis, has already been referred to. Five patients in the present 
series developed eye symptoms before the onset of the cranial arteritis. 
Two patients had 6th nerve palsies. In one the arteritis developed 3 weeks 
later, whilst in the other there was an interval of 6 months. In a case of 
right-sided papilloedema in a man of 66, general arteritis developed a month 
later. In a woman of 77, who sustained a thrombosis of the right central 
retinal vein on January 28, 1953, the eye became extremely painful 2 months 
later and after a further month the classical picture of cranial arteritis de- 
veloped. The visual acuity when first seen was hand movements only, but 
after 3 months she became quite blind. In Case 8 the retrobulbar neuritis 
had antedated the generalized inflammatory condition by a month. 

The annual incidence in the County of Middlesex of bilateral blindness of 
sudden onset due to vascular disease in patients over the age of 55 years is 
about seven per million. Many of these cases are due to cranial arteritis, 
but the exact proportion is not known. Bearing in mind that ocular symp- 
toms can occur as an isolated manifestation of cranial arteritis, though 
general symptoms of this will appear later, we have made a control study of 
a group of elderly people who suffered from acute vascular lesions of the eye. 
They were observed over the same 5-year period as the cases of cranial arter- 
itis. Thirty patients over the age of 60 years had had an occlusive insult 
within one central retinal artery. None of them showed any other evidence 
of local disease of the eye or orbit. There was one significant difference of 
medical interest between the two groups of cases. In those with cranial 
arteritis, 30 per cent. had co-existing severe hypertensive heart disease, and 
in the control group 66 per cent. suffered from gross hypertension. Each 
control case was reviewed after a period of 2 years, but not one developed 
symptoms of cranial arteritis nor did any one develop a vascular catastrophe 
in the opposite eye. 

Since it may be impossible to differentiate within a few hours of the onset 
of blindness between the effects of cranial arteritis and those of isolated 
occlusive incidents in the blood supply of the eye, and since it has been 
shown that ACTH produces dramatic results if given immediately after an 
insult in cases of temporal arteritis, it is now recommended that all such 
elderly patients should be given this hormone at once, even if only one eye 
has been involved. If ACTH is not available, prednisolone 15 mg. should 
be given immediately and the patient sent into a special centre as soon as 
possible. If there has been no improvement after a week of ACTH therapy, 
the drug can be discontinued, as the ocular lesion is then more likely to be an 
isolated one and not part of the diffuse syndrome of cranial arteritis. It is 
neither practical nor advisable to give the hormone in cranial arteritis 
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before visual symptoms appear, but it should be held in reserve for the 
moment when the blood supply to the eye becomes impaired. 


Summary 


(1) Cranial arteritis may present with central retinal artery occlusion. 
retrobulbar neuritis, or papilloedema. 


(2) Each of these conditions is likely to leave the affected eye blind if 
untreated. 


(3) ACTH given on the same day as blindness has restored sight in every 
eye so treated. 


(4) ACTH may prove effective after a longer period of blindness in cases 
of retrobulbar neuritis. 


(5) It is recommended that all occlusive incidents in the blood supply to 
the retina or optic nerve in elderly people who have no other evidence of 
ocular disease be treated with a course of ACTH. 


I am indebted to the following surgeons who kindly referred to me patients suffering 
from cranial arteritis: Mr. G. J. O. Bridgeman, Mr. A. G. Cross, Mr. A. G. Leigh, Mrs. 
Phillippa Martin, Mr. R. McI. Paton, Mr. Redmond Smith, Mr. T. C. Summers, and Mr. 
F. A. Williamson-Noble. I am grateful to Prof. W. S. Peart for his help with Case 7, 
to Sister Edwards for her clinical help, to Miss Maloney for her clerical assistance, and 
to Mr. Franklin and Miss Seymour of the Welfare Department of the County Council of 
Middlesex who investigated for me the incidence of sudden blindness in elderly people. 

The Board of Governors of St. Mary’s Hospital kindly made a financial grant from the 
Endowment Fund towards the expenses of this research. 
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DIKTYOMA* 


BY 
B. S. CARDELL ano MARY J. STARBUCK 
King’s College Hospital, London 


THE purpose of this paper is to report a case of diktyoma of the ciliary body 
and to give brief review of the main features of these rare embryonic tumours. 

Epithelial tumours of the ciliary body are rare. They have presented 
problems of classification (Nordmann, 1941; Wadsworth, 1949; Reese, 1956) 
bui the simple scheme proposed by Fuchs (1908) is quite adequate. He 
divided them into benign and malignant types. The malignant tumours he 
further divided into two groups according to whether they were composed 
of adult or of embryonic ciliary epithelium. The first group of malignant 
tumours may best be called carcinomata. They occur chiefly in adults and 
nearly always there has been some previous inflammatory or degenerative 
lesion of the eye. They have a relatively simple and uniform histological 
structure, being composed of interlacing bands, one or several cells wide, of 
cuboidal or columnar cells which closely resemble the non-pigmented layer 
of epithelial cells in the adult ciliary body. 

It is with the second group of malignant tumours of the ciliary body that 
this paper is concerned. Early case reports were those of Badal and Lagrange 
(1892) and Emanuel (1900), but it was Verhoeff (1904) who first clearly 
indicated the nature of these tumours. He described a malignant tumour, 
arising from the unpigmented epithelium of the pars ciliaris retinae, which 
exhibited the structure of embryonic retina in various stages of development. 
He also recognized the close relationship between these tumours and retino- 
blastomata, both being tumours of embryonic retinal elements. 

These embryonic tumours are rare. Andersen (1948), in a review of the 
literature, found 22 case reports and added one of his own. Two cases in 
this review however, those of Greeves (1911) and Hine (1920), are un- 
doubtedly carcinomata and not embryonic tumours. Other cases have been 
reported by Alling (1904), Beattie and Dickson (1943), Kuhlenbeck and 
Haymaker (Case 11, 1946), Fralick and Wilder (1949), Gasteiger (1949), 
Gareis (1955), Malone (1955), and Newell (1956). 


Nomenclature.—Although this is a rare tumour it has acquired a formidable 
list of titles. With our present knowledge some of the earlier names (car- 
cinoma, malignant epithelioma, glioma, glioneuroma, terato-neuroma) are 
clearly inappropriate. Medullo-epithelioma is another name still applied 
to this group by several authors: it has also been used for the tumours of 
adult ciliary epithelium. The term was introduced by Bailey and Cushing 
(1926) for certain tumours of the brain which were said to arise from, and to 
resemble, the medullary epithelium of the primitive neural tube. However, 
the concept of medullo-epithelioma as a type of cerebral tumour has not been 
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generally accepted; the term has fallen into disuse for these cerebral tumours 
and its continued use for embryonic ciliary tumours is archaic. The use of 
“medullo-epithelioma”’ for tumours of adult ciliary epithelium is singularly 
inapt. 

In the light of the current view of histogenesis of this tumour (from 
embryonic retina) the term “retinoblastoma of the ciliary body” would be 
ideal. This usage would correspond to that for embryonic tumours of the 
kidney (nephroblastoma) and of the liver (hepatoblastoma). However, 
there might be confusion with retinoblastomata of the retina and it is perhaps 
better to retain the term diktyoma. This name was introduced by Fuchs 
(1908) to indicate the netlike appearance of the tumour; it is not an ideal 
name but it is distinctive and it has been used by several authors. 


Case Report 


In September, 1955, a 2-year-old girl was brought to hospital by her parents who had 
noticed that she habitually screwed up the left eye during the previous month. There 
was a doubtful history of injury by a garden fork at the onset. 

Examination under anaesthesia showed a cataract with secondary glaucoma, but no 
evidence of a perforating wound. A needling and curette evacuation was performed by 
Mr. L. H. Savin in an attempt to reduce the tension. The globe gradually increased in 
size, and in December, 1957, the eye was enucleated for cosmetic reasons. 

Pathology.—Examination of the excised eye showed it to be much enlarged, measuring 
28 x 25 x 24 mm., with an anterior staphyloma. After fixation and freezing the eye was 
bisected. The coats of the eye were found to be in situ. The anterior chamber was 
shallow with very extensive peripheral anterior synechiae and the optic disc was deeply 
cupped. Some lens matter and capsule remained. 

It was difficult with the naked eye to identify any tumour: one could just make out an 
annular white ridge in the anterior part of the ciliary body. 

Sections showed a grossly distended eye with well-developed cupping of the optic disc. 
A tumour (Fig. 1) growing in an annular manner replaced much of the ciliary body. 





Fic. 1.—Anterior part of eye showing tumour involving ciliary body and iris, oblitera- 
tion of filtration angle, and staphyloma. Haematoxylin and eosin. x16 
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The iris was atrophic in places; it was pushed forwards and was extensively adherent to 
the posterior surface of the cornea with complete obliteration of the filtration angle. The 
tumour had everywhere extended forwards from the ciliary body into the iris, though to a 
varying extent in different sites. In one small area the tumour extended posteriorly 
through the pars plana of the ciliary body almost as far as the ora serrata. From this 
region a fine filament of growth protruded into the vitreous. There was no retinal 
involvement. 

In one area (Fig. 2) growth was limited to the anterior part of the ciliary body and the 
immediately adjacent part of the root of the iris. Elsewhere there was more extensive 
involvement of both ciliary body and iris. In the region shown on the right hand half of 
Fig. 1, growth had almost completely destroyed the ciliary body (Fig. 3) and extended 
along the iris almost to its pupillary margin. 





Fic. 2.—More solid 
area of tumour in- 
volving anterior part 
f ciliary body and 
jacent iris. The 
is is atrophic and 
erent to the cor- 
Haematoxylin 
ndeosin. x50. 











Fic. 3.—Ciliary 
body completely re- 
placed by tumour. 
Numerous cysts are 
present and a retina- 
like area is seen in 
the uppermost part 
of the tumour. 
Haematoxylin and 
eosin. x80. 
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In places the whole thickness of the iris was destroyed and replaced by growth whicl: 
then lay in contact with the cornea (Fig. 4): in severa) small areas growth extended int« 
the cornea for a short distance. The pupillary zone of the iris, though not infiltrated by 
growth, had its posterior surface clothed by tumour tissue (Fig. >). 





Fic. 5.—Tumour lining posterior surface of iris. The tumour here is cystic and 


has a retina-like structure. Haematoxylin and eosin. 80. 


The structure of the tumour itself varied considerably from place to place. There were 
quite large areas of predominantly solid structure which were highly cellular. They 
were composed of closely-packed round or polyhedral cells with rather indefinite cell 
margins, hyperchromatic nuclei, and quite frequent mitotic figures. In this region 
rosettes were present (Fig. 6, opposite) identical with those of a retinoblastoma. Even 


in these more solid areas some cystic spaces were present (Fig. 2). 
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Fic. 6.—Rosettes and cells in mitosis. Normal ciliary epithelium is present in 
the bottom left-hand corner. Haematoxylin and eosin. 366. 


Much of the tumour had a netlike appearance which was due to the presence of 
numerous small cysts (Figs 3-5). Many of these cysts were lined by a single layer of 


columnar cells closely resembling the unpigmented epithelium of the ciliary body with 


which they were in continuity in several places. Other cyst walls were composed of 


several layers of cells and the lining cells were identical with those abutting on the cavities 


of rosettes, 
Finally, some areas closely resembled developing or adult retina in structure (Figs 3 and 
5), In these regions a clear-cut external limiting membrane covered a layer of closely- 


packed cells with oval nuclei: deep to this was a zone of fine fibrils in which cells with 
small deeply staining rounded nuclei were scattered. 


Melanin pigment was found only in an occasional tumour cell and then only in areas 
where the normal pigmented epithelium of the iris or ciliary body had been destroyed. 


These tumour cells were presumably phagocytic. The tumour had a very scanty stroma 


and only occasional blood vessels were seen. A few minute necrotic foci were present. 


No areas of cartilage or calcification were seen. 


Discussion 
The present case is a typical one and brings the total number recorded up 


to thirty. Although information is not complete in all cases it is now 
possible to outline the main attributes of this tumour. Its history and 
histogenesis and the problem of terminology have already been mentioned. 

Little is known about the aetiology. Cases have been reported from 
Europe, North America, South America, and Asia. There is no evidence 
pointing to any hereditary factor. 

The incidence is equal in the two sexes (male 12, female 13). The onset 
of symptoms is almost always in infancy or early childhood: undoubtedly, in 
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Many instances, tumours are present at birth. Some abnormality of the 
eye was noted at or soon after birth in six cases, before the age of one year 
in five cases, between one and 5 years in thirteen cases, and “‘in infancy” in 
a further two cases. The remaining four cases presented later but they had 
advanced tumours: a child aged 6 with a large tumour invading the retina 
(Klien, 1939); two children aged 8 at onset, one with a blind eye (Bock, 1929) 
and the other with a staphyloma and sclera) invasion (Schepkalowa, 1938); 
and the case reported by Soudakoff (1936) of a Chinese aged 28 who had had 
a perforated eye for one year and whose eye was almost completely replaced 
by tumour tissue. 

These tumours are single and unilateral. Growth arises in the unpig- 
mented epithelium of the ciliary body: theoretically, a tumour could arise in 
the iris but none has been reported. As the tumour enlarges, it involves the 
rest of the ciliary body, often spreading in an annular fashion, and projects 
into the cavity of the eye. It shows a great tendency to clothe surfaces and 
extends over the iris and over the lens and the zonule. Owing to the site 
of the tumour obliteration of the filtration angle occurs early, producing 
glaucoma and loss of vision and frequently staphyloma formation. 

Many of the structural characteristics of this tumour are illustrated in the 
present case. Features of any stage of the developing retina can be produced. 
Typically there is a predominant netlike or polycystic structure, with the cysts 
lined by a single or multilayered epithelium. Rosette formation is common 
and the more solid areas closely resemble the structure of a retinoblastoma. 
Areas of fibrillar structure are common. There is a scanty connective 
tissue stroma. Blood vessels are not prominent, but the tumour is slow 
growing and necrotic foci are small and infrequent. Islets of cartilage were 
noted in six cases: this is not really a surprising finding as cartilage is com- 
mon in embryonic tumours elsewhere in the body. 

These tumours are undoubtedly malignant and there may be invasion of 
the iris, or less often of the retina, and then extension into the sclera and 
cornea. Growth of the tumour is very slow however. In eleven of the 
reported cases there was no invasion of sclera or cornea and the average age 
of these patients was 3-8 years. Nine patients showed invasion of sclera or 
cornea and their mean age was 5-6 years. In five cases growth had extended 
right through the sclera; this spread took place anteriorly and the orbit was 
not invaded: the mean age in this group was 15-4 years. 

Furthermore, several cases have been observed over a long period of time 
before excision of the eye. Rubino (1941) reported the case of a girl whose 
eye was excised at the age of 19 when an extrabulbar mass was present. A 
“‘white pupil” had been noted at the age of 3 years and although a tumour 
had been diagnosed when the child was 10 years old the parents had refused 
operation at that time. In the case reported by Andersen (1948), a tumour 
had been suspected since birth; there was a slow and steady increase in size of 
the tumour until the eye was excised when the child was 16 years old. 
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Growth had then invaded the cornea but there was no extension outside the 
eye. The case reported by Redslob (1923) had buphthalmos at birth but 
the eye was not excised until the child was 11 years old, by which time the 
growth had perforated the sclera and produced an extrabulbar mass. Bock 
(1929) reported a case in a girl aged 16 who had had a blind eye since the 
age of 8: the excised eye showed episcleral extension of growth. 

In only two cases was the orbit invaded, and in both instances metastases 
also occurred. In the first case (Schepkalowa, 1941) a child aged 9 months 
had an eye enucleated: one year later there was a recurrence in the orbit and 
lymph nodal metastases of similar structure. In the other case (Malone, 
1955) the tumour extended into the orbit at the first operation when the child 
was 3 years old. Death occurred 3 years later with an orbital mass extending 
into the skull and brain and microscopic metastases in the lung. 

The clinical mode of presentation was enlargement of the eye in seven 
cases, a visible tumour in seven, opacity of the eye in three cases, a “‘ defective 
eye” noted at birth in three, pain and blindness in two instances each, and 
perforation of the eye in one case. An exotic manifestation of this tumour 
was beautifully depicted by Spicer and Greeves (1914-15): In their case 
cysts had become detached from the main tumour mass and could be clearly 
seen floating freely in the anterior chamber. 

Owing to the early age at onset of the tumour and to its situation, the 
chances of preserving sight in an affected eye are almost zero. Indeed, many 
patients are blind when first seen. However, cure of the tumour is obtained 
in the vast majority of cases by excision of the eye. Apart from the two 
fatal cases already mentioned, no others showed even local recurrence of 
growth with periods of observation ranging up to 4 years. 

Finally it is worth noting the main ways in which a diktyoma differs from 
a retinoblastoma. The site of origin is different. No cases have been 
reported of bilateral or multiple diktyomata and there is no evidence of any 
hereditary factor. The diktyoma has a more variable histological appearance 
and one typical feature is the presence of areas of netlike or polycystic struc- 
ture. The diktyoma grows more slowly and has a much better prognosis. 


Summary 


A case of diktyoma of the ciliary body is reported. The main features of 
cases recorded in the literature are analysed. 


We wish to thank Prof. H. A. Magnus and Mr. L. H. Savin for their advice and criticism, and 
Mr. G. Harwood for the photomicrographs. 
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SEESAW NYSTAGMUS* 


BY 
O. A. JENSEN 
Copenhagen County Hospital, Eye Department, Hellerup, Denmark 


SEESAW nystagmus is a rare disjunctive form of vertical nystagmus in which 
the eyes perform opposed vertical movements, i.e. while one eye moves up 
the other moves down. Larsen (1947) reported a case and the autopsy 
findings, together with a review of previous cases. 

We have recently seen two additional cases, and as the condition is 
extremely rare, it seems justifiable to report them. 


Case Reports 


Case 1, a works foreman aged 55, had always been in good health apart from an 
operation for left-sided otitis media in 1931. 

One evening, when sitting in his home after supper, he suddenly developed, without 
any preceding symptoms, a feeling of numbness in the left half of the tongue, spreading 
to the left side of the face, uncharacteristic giddiness, diplopia, and a desire to defaecate. 
He did not lose consciousness, nor experience headache or convulsions. 

When admitted to the medical department the same evening, the patient was torpid, 
lying with his eyes closed, but gave adequate answers when addressed. 


Examination.—Blood pressure 160/90 mm. Hg; pulse rate 95; rectal temperature 
36-6° C. (98° F.). Noneck rigidity, but deviation of the tongue to the left; hypaesthesia of 
the left side of the face and left half of the tongue; exaggerated reflexes on the right lower 
limb. The plantar response was doubtful. There were no sensory changes on the trunk 
or limbs. Lumbar puncture showed a pressure of 140 mm. Hg with elevation upon 
Queckenstedt’s test. The cell count was 29/3 red cells, 4/3 polynuclears, and 5/3 mono- 
nuclears. The protein values were normal. 


Ophthalmic Examination.—On the following day the visual acuity was 6/18 with 
+1Dsph.in both eyes. The position of the eyes was most of the time highly divergent. 
This applied particularly to the left eye, in which the angle of deviation varied from 15-60 
degrees. At the same time, a pronounced, irregular nystagmus was observed. It was 
predominantly of the vertical type and was more severe on the left side. There were 
frequent opposed movements of the two eyes, the rare so-called seesaw nystagmus, and 
a few horizontal, rotatory movements. Paresis of the left medial rectus was observed, but 
diplopia tests by means of coloured glasses were not practicable owing to the irregular 
ocular movements. The pupils were normal. Left-sided corneal hypaesthesia was 
present. Ophthalmoscopy revealed no abnormality, especially no sign of choked discs. 
The visual fields could not be determined because the patient was unable to fix the gaze. 

Otological Examination.—There was slight hearing loss of the perceptive type on the 
right, and severe impairment, mainly of the conduction type, on the left. Vestibular 
reaction was weakened on the left. The aural abnormality was thought to be inactive 
and unrelated to the present disease. 

Laboratory Examination.—The ordinary blood and sero-reactions, and x rays of the 
skull showed no abnormality. 

The neurologist concluded that this must be a case of thrombosis or some other 
occlusive disease either of the left posterior inferior cerebellar artery or of some 
other artery within the area supplied by the basilar artery. 
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Ophthalmic examination 2 days later showed the visual acuity in both eyes to 
be 6/6 with +1 Dsph. The nystagmus had disappeared and the paresis of the 
rectus had subsided. The corneal sensitivity, the ophthalmoscopic findings, and 
the visual fields were normal, and the patient was now feeling well. All the other 
neurological manifestations had disappeared, and the patient was discharged after 
having spent 3 weeks in hospital. The anticoagulant therapy which had been 
instituted immediately after admission to hospital was continued. 

Case 2, a 66-year-old man, had been in good health apart from uncomplicated diph- 
theria during childhood and numerous uncomplicated gonococcal infections. He denied 
syphilis. For many years, he had had an excessive daily consumption of strong alcoholic 


liquors. 
On the day before admission, when the patient woke up, he felt giddy and saw double. 


His own doctor called an ophthalmologist as well as a neurologist who found paresis of 
the left medial rectus and typical almost purely seesaw nystagmus with only a slight 
rotatory component. There were other neurological signs apart from tremor of the 


hands. The patient was hyperactive and restless. 
When admitted to the Eye Department, he was quieter and better orientated, but 


showed unmistakable signs of inebriation. 

Ophthalmological Examination.—Vision in the right eye was 6/18 with +1-5 D sph., 
and in the left eye 6/9 with +1-5Dsph. The right eye was in a position of a somewhat 
varying divergence with perhaps slightly restricted adduction and some tendency to 
sursumvergence. A distinct paresis of the left medial rectus muscle was present. On 
changing the direction of the gaze, the ocular movements were fluttering and at times 
nystagmoid with opposed vertical movements. Occasionally, the upward as well as the 
downward movements appeared to be inhibited. The pupils reacted to light. Apart 
from slight cataractous changes, slit-lamp and ophthalmoscopic examinations showed 
no abnormalities. The visual fields for white and red objects appeared to be normal, 
but co-operation was poor. 

Neurological Examination.—There was only tremor of the hands and a weak extensor 
plantar response on the right side. Shortly after admission the patient insisted upon 
being discharged and he has since been lost sight of. 
Discussion 

Seesaw nystagmus is very rare (Duke-Elder, 1949; Walsh, 1947). Three 
cases have been reported, one of them examined post mortem. Cords (1930) 
observed seesaw movements in cases of miners’ nystagmus. 

The reported cases do not give much aid in elucidating the pathogenesis. 

Maddox (1914) published the first case which was associated with some- 
what weak knee jerks and bitemporal hemianopia. The upward movement 
of the right eye and the downward movement of the left eye were accom- 
panied by a conjugate torsion of the eyeball to the left, and the downward 
movement of the right eye and the upward movement of the left were 
accompanied by a parallel conjugate torsion to the right. 

In the patient reported by Rucker (1946), the movements of the right eye 
were almost entirely vertical, while the left eye also showed intorsion with 
the upward phase and extorsion with the downward phase. The pupils did 
not react to light. A test for toxoplasmosis was slightly to moderately 
elevated, and the patient had chorio-retinitis with visual acuity 2/60. Rucker 
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concludes: “To account for disturbed pupillary reflexes and disjunctive 
nystagmus, the lesion in the brain would be expected to involve the midbrain 
and pons. Attempting to name the implicating fibre bundles at present 
leads into the field of speculation”’. 

The case reported by Larsen (1957) is the only one in which a post-mortem 
examination was performed. The initial signs were horizontal-rotatory 
nystagmus, changing by way of an irregular phase of alternating rotatory, 
oblique, and vertical movements, into seesaw nystagmus with a slightly 
rotatory tendency directed to the left. The signs were most marked on the 
left. In addition, the patient had mild signs of right pyramidal tract involve- 
ment, intention tremor, and signs of increased cerebrospinal pressure. The 
post-mortem examination revealed a tumour, 5 x 5 cm. (2 x 2 in.) at the basis 
cerebri, reaching from the frontal lobes to the anterior margin of the pons 
and sending a nodular extension below the left temporal pole. The tumour 
occupied the entire third ventricle apart from a fine canal superiorly, so there 
was not a complete fluid block. The brainstem was posteriorly displaced, 
and the aqueduct of Sylvius was flattened antero-posteriorly. (This is worth 
noting in connexion with the experimental studies to be mentioned below). 
The more caudal structures were normal. Microscopic examination showed 
the tumour to be an oligodendroglioma. 

Furtado (1956) published two cases of horizontal disjunctive movements, 
both of which had come to autopsy. In his former case there was convergent 
nystagmus with simultaneous flexion in both elbow joints. Microscopic 
examination revealed disseminated gliomatous nodules in the brainstem, 
particularly densely arranged in the lamina quadrigemina and adjacent areas. 
In the latter case, the patient had exhibited oblique downward convergent 
nystagmus, choked discs, and concentric constriction of the visual fields, as 
well as slight inhibition of upward ocular movements. Necropsy disclosed 
a pinealoma exerting marked pressure on the surrounding structures, par- 
ticularly the superior colliculi, the aqueduct of Sylvius, and the cerebral 
peduncles. In Furtado’s opinion, disjunctive convergent nystagmus is 
caused by compressive or inflammatory lesions of the peduncles and the 
lamina quadrigemina. Convergent spasms are known in cases of tumours 
of the pineal body. In encephalitis involving the peduncles and the region 
of the cerebral aqueduct, convergent spasms alternating with vertically 
directed spasms may be seen. 

In our Case 1 the signs indicated a vascular, occlusive lesion of the left 
posterior cerebellar artery, the so-called Wallenberg syndrome, perhaps of 
the upper part of the left vertebral artery. The latter is suggested by the 
paresis of the tongue muscles (Walsh, 1957). In addition, there was in- 
volvement of the left oculomotor nucleus and the sensory nucleus of the 
trigeminal nerve and apparently also of the pyramidal tracts, reflected in the 
mild hyperreflexia of the right lower limb. In the classical Wallenberg 
syndrome there are more severe signs than in the present case, but the marked 
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variations in the course of the vessels, their collaterals, and anastomoses are 
worth bearing in mind. Moreover, there might be a question of partial 
occlusion, local oedema, and relative ischaemia, which might also explain 
the variation in the manifestations. This first patient must have had a 
mild perhaps only partial occlusion, and he had almost completely recovered 
within 3 days. The red cells in the spinal fluid indicate that some infarction 
had taken place. The most remarkable feature of this case was the large 
area involved by the bulbar manifestations, i.e. from the oculomotor nucleus 
to the hypoglossal nucleus, but perhaps the signs from the superior nuclei 
may be ascribed to relative ischaemia. The posterior inferior cerebellar 
artery is generally stated to supply only the 9th, 10th, and 11th nuclei, while 
the 12th nucleus is supplied by the fourth part of the vertebral artery. The 
nuclei situated superior to the 9th nucleus are supplied by the pontine 
branches of the basilar artery (Cunningham, 1937). 

Case 2 had, in addition to the seesaw nystagmus, involvement of the 
oculomotor nerve and perhaps slight involvement of the crossed pyramidal 
tract, manifesting itself in an extensor plantar response on the right side. On 
the following day, the signs had already improved. Thus, the condition 
was somewhat similar to that seen in Case 1, but milder. Unfortunately, 
further studies could not be performed, as the patient left so quickly. 


By electric stimulation of the brainstem of cats, Spiegel and Scala (1937) 
found that irritation of the grey matter below the posterior commissure or 
behind this level resulted in upward, conjugate movements of the eyeballs, 
whereas downward movements could be induced in the posterior part of the 
optic thalamus or in the medial part of the superior colliculi, i.e. in the 
vicinity of the pretectal region. Destruction of the grey matter in these areas 
was followed by loss of up-and-down movements upon cortical stimulation. 
A small injury of the grey matter in the cranial part of the mesencephalon 
and the pretectal region might be followed by various partial disturbances 
of the vertical movements. Keeping seesaw nystagmus in mind, it is interest- 
ing that these workers could induce the so-called skew deviation, i.e. one 
eye looking up while the other looks down. 

There is no lack of theories on the vertical movements. Marburg (1939) 
believed that the left medial longitudinal fasciculus was responsible for up- 
ward movements and the right one for downward movements. Muskens 
(1930) located the upward movements to the medial nuclei of the aqueduct 
and the downward movements to the lateral nuclei. In the opinion of 
Godlowsky (1936) the upward movements are controlled by the ventral 
nucleus reticularis (a thin layer of cells on the lateral aspect of the thalamus) 
and the downward movements by the nucleus of Darkschewitsch. However, 
seesaw nystagmus has not been induced experimentally. 

Thus, the details of the pathogenesis are still unknown, but seesaw nystag- 
mus appears to occur in the presence of brainstem lesions, be they com- 
pressive, inflammatory, or vascular. The experimental findings reviewed 
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above indicate that, in the case reported by Larsen (1957), the most important 
pathogenic factor was the pressure on the region of the aqueduct, secon- 
dary to the large basal tumour. Unfortunately, Maddox (1914) gives no 
indication regarding the aetiology or pathogenesis of the first case on record. 
According to the available data, one structure might theoretically be 
involved in all the cases (apart from that reported by Maddox), viz. the 
medial longitudinal fasciculus, which is of importance to the co-ordina- 
tion of ocular movements. This structure extends from the ventral funiculus 
of the spinal cord to the area surrounding the subthalamus. It consists 
of association fibres between the nuclei of the ocular muscles as well as of 
fibres from the vestibular nuclei, the spinal cord, and the sensory nucleus of 
the trigeminal nerve, and further, includes two tracts with unknown function, 
including fibres from the nucleus of the posterior commissure, the nucleus of 
Darkschewitsch (cf. Godlowsky’s theory regarding the vertical movements). 
In this connexion, it is perhaps appropriate to mention the posterior com- 
missure, a large bundle of fibres ventral to the site where the cerebral aque- 
duct opens into the 3rd ventricle. This commissure is believed to contain 
fibres connecting to two superior colliculi, an important zone of transmission 
between the optic tracts and the nuclei of the ocular muscles. In addition, 
Marburg (1939) believed that the fibres from the superior vestibular nucleus 
(of Bechterew) which ascend uncrossed, cross partially in this commissure. 


Summary 


Seesaw nystagmus was observed in two cases with short-lived signs of 
thrombosis in the brainstem arteries. The three previous cases on record 
are reviewed, and experimental and theoretical considerations are discussed. 

It is concluded that the pathogenesis is unknown, but that this extremely 
rare form of nystagmus appears to occur in the presence of lesions in the 
brainstem, particularly if there is involvement of the superior parts of the 
medial longitudinal fasciculus, perhaps in the area of the posterior com- 
muissure. ‘ 
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OPERATION ON THE VERTICAL MUSCLES IN CASES 
OF NYSTAGMUS* 


BY 


DERMOT PIERSE 
Croydon Eye Unit 


ALTHOUGH it has been recognized for a considerable time that operation on 
a strabismus co-existing with nystagmus may have a beneficial effect on the 
nystagmus, it does not appear to have been until 1953 that work was pub- 
lished relating to operation on cases of nystagmus with the direct intention 
of improving this condition. Then, from three different continents within a 
short time, separate recommendations were made that, in cases of lateral 
jerky nystagmus worse in one direction than the other, operation on the 
medial and [ateral recti should be considered. 

Anderson (1953) suggested a recession of the medial rectus of one eye and 
the lateral rectus of the other eye in cases of eccentric nystagmus where 
there was a marked difference in nystagmus to either side. This weakening 
of the rotators was to be done on the side on which the nystagmus is less 
evident. Kestenbaum (1953, 1954) recommended surgical rotation of the 
eyes in the direction of the rapid phase of a nystagmus by resection and 
recession or controlled tenotomy of the corresponding muscles. Goto 
(1954) recommended advancement of the appropriate muscles but no 
corresponding recession. 

These procedures must now be considered as useful additions to the treat- 
ment of nystagmus and, in a small number of recent cases, I have found 
them to be of benefit. 

In 1953, a case was referred to me in which there was a marked nystagmus 
in al) directions of gaze except downwards, and this seemed to have some 
points of similarity with the type of case mentioned above. Although 
operation on similar lines would involve, at the least, recession of the four 
depressors it seemed justified by the severity of the disability produced by 
the condition. The results seemed to merit repetition in a similar case seen 
3 years later and these two cases are the subject of the present communica- 


tion. 


Case Reports 


Case 1, a boy born in 1951, was first seen on June 17, 1953, He had been referred in 
the first instance to a paediatrician because of suspected mental deficiency, which was 
due to his difficulty in walking and his facial) appearance. 
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Examination.—He had a rotatory nystagmus which became violent when he attempted to 
look straight ahead or upwards. He held his head thrown very far back so that his eyes 


were constantly depressed. This very exaggerated head posture made walking difficult 


and from the muscle effort involved his mouth hung open continuously. No general 
abnormality was found. The refraction was normal, but the visual acuity could not be 
assessed. 


Operation—On January 22, 1954, a bilateral inferior rectus recession—about 5 mm. 
each eye—was carried out at the Children’s Hospital, Sydenham. On February 5, 1954, 


bilateral tenectomy of the superior obliques was carried out at the same hospital. 


Progress.—Improvement in appearance was apparent as soon as he was ambulant and 


further improvement continued in the following months. As time went by a hyperphoria 


became obvious with some tendency of the left eye to diverge. The hyperphoria seemed 


to be mainly related to an over-action of the left superior rectus muscle, and further 


operation was considered necessary for these phorias. 


Operation.—On December 4, 1956, a recession of the left superior rectus—about 2 mm, 


—and a recession of the left lateral rectus—about 6 mm.—were carried out at the Croydon 
Eye Unit. 


Result——He now has a visual acuity, with a slight correction for myopia, of 6/9 in 
the right eye, and 6/24 in the left, with full binocular vision in the primary position. He 
walks with his head almost completely erect and the nystagmus does not become marked 
unless he looks upward, 


Case 2, a boy born in 1946, was first seen in November, 1956, having previously attended 
The Hospital for Sick Children, Great Ormond Street, London, where he had been 


noted to have bilateral ptosis and convergent strabismus. His records showed that 
between 1948 and 1950 five operations had been performed for ptosis and that the right 


medial rectus muscle was recessed in 1954. 


Examination.—He had a lateral jerky nystagmus which was most marked when looking 
up and least when looking downwards. This again produced an exaggerated head 
posture which made walking difficult, The visual acuity, with a correction for myopic 


astigmatism, was 3/60 in the right eye and 2/60 in the left. This improved when he held 
his head far back to 6/60 in the right eye and 6/36 in the left. 


Operation.—On July 12, 1957, a bilateral inferior rectus recession—about 4 mm. each 
eye—and a bilateral superior oblique recession—about 4 mm. each eye—were carried 
out at the Children’s Hospital, Sydenham. The inferior rectus muscles on both sides 
were found to be abnormal with marked extra attachments to the globe, and consider- 
able difficulty was experienced in freeing them from an excess of fibrous tissue. 


Result.—Post-operatively an immediate improvement in posture was noted by the 
mother and this improvement has continued. He now has a visual acuity of 6/60 in the 


tight eye and 6/24 in the left in the primary position. 


Discussion 


It is very interesting to consider the extreme resilience of the ocular neuro- 
muscular mechanism. Case | started life with a marked congenital nystag- 
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mus and later had a severe operative procedure on six different extra-ocular 
muscles, but despite this now has firmly established stereoscopic vision. 


Operative Procedure.—The difficult problem in considering the procedure 
necessary to achieve a balanced elevation of both eyes is to match the 
weakening of the depressor effect of the superior oblique of one eye against 


that of the inferior rectus muscle of the other. 


Superior Oblique.—Before 1942 the literature is practically devoid of reference 
to the surgical correction of superior oblique muscle defects, with the exception 
of warnings to avoid interference with this muscle. Since that time, however, it 
has become more usual to operate on this muscle, but there is still little statistical 
information relating to the amount of correction to be expected by the different 
procedures recommended for its weakening. Fink (1954) recommended simple 
tenotomy of the reflected tendon within its sheath to produce a moderate weakening 
of the superior oblique. If more effect is required he advised removal of a portion 
of the tendon. He pointed out that the nearer the trochlea the procedure is carried 
out the greater the effect. In Case 1 this procedure was used and it would appear 
that a moderate effect was obtained. Recession of the reflected tendon forwards 
and inwards towards the trochlea was undertaken'in Case 2 and did not present 
technical difficulties. 

I have felt that the size and nature of the tendon would make possible a true 
lengthening by dividing the tendon and its sheath and joining the cut ends by a 
short length of silk or synthetic suture material, and I have performed this opera- 


tion in a small number of cases. 


Inferior Rectus.—On the other hand, recession of the inferior rectus muscle is a 
straightforward procedure, but most authorities seem to agree that more effect is 
produced by a recession of a set number of millimetres than by a similar amount 
in the horizontal recti. In Case 1 it is probable that the right inferior rectus 
recession was excessive. 


Type of Nystagmus.—Anderson (1953) considered whether the fact that 
a nystagmus more marked in one direction than another was due to a central 
or local cause, and expressed the opinion that the main reason was central. 
Rucker (1953) pointed out that rotatory nystagmus appears to be positive 
evidence of the involvement of the vestibular nucleus, which he noted also 
caused vertical nystagmus, particularly vertical nystagmus which increased 
on upward gaze. It would seem probable that in Case I the cause fitted this 
type of condition and that there was some lesion in the upper portion of the 
vestibular nucleus. In Case 2, however, the abnormal attachment of the 
inferior recti would seem to have caused all the increased nystagmus in 
attempted elevation. 

It is not unlikely that eccentric nystagmus, that is nystagmus more pro- 
nounced in one direction of gaze than others, can be brought about either 
by central or local causes. 
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Summary 
Two cases are described in which a nystagmus was most marked in all 
positions of gaze except extreme depression. A weakening operation on the 


two superior oblique and two inferior rectus muscles was performed which 


resulted in marked improvement in the head posture and improvement of 
vision in the primary position. 
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INFLUENCE OF PROTEIN DEFICIENCY AND SEX ON 
THE DEVELOPMENT OF OCULAR LESIONS AND 
SURVIVAL TIME OF THE VITAMIN A-DEFICIENT 

RAT 


BY 
D. S. McLAREN f 


Human Nutrition Research Unit, Nutrition Bong | National Institute for Medical Research, 
ill Hi 


INTRODUCTION 


ATTENTION has recently been drawn to the frequent association of eye signs 
attributable to deficiency of vitamin A with systemic manifestations of 
protein malnutrition in children (McLaren, 1958). Whilst a deficiency of 
the vitamin in the diet would seem to be an adequate explanation, it is pos- 
sible that the eye changes may result from an adverse effect of protein lack 
on one or more of the stages of vitamin A metabolism in the body. 

This association is especially common in Indonesia, where de Haas, 
Posthuma, and Meulemans (1940) described 75 per cent. of their cases of 
xerophthalmia as having “general dystrophy’; Oomen (1953) and the 
writer (unpublished observations) found a similar percentage of kwashiorkor 
cases there with xerophthalmia and keratomalacia. From the same country 
has come a recent report (Yap-Kie-Tiong, 1956) suggesting that protein 
deficiency is responsible for the most severe degree of eye lesions classed as 
keratomalacia. This is based on a study of plasma protein and vitamin A 
determinations of ten children with xerophthalmia and ten with kerato- 
malacia. Much turns upon the definition of the terms used and a division 
of cases into two such groups is arbitrary as the two conditions merge 
imperceptibly the one into the other. Furthermore, correlation between 
the estimations made and nutritional status is doubtful and control subjects 
were not used. It is possible to interpret the difference between the mean 
total protein values for the two groups as being an indication that the 
group with keratomalacia was eating a diet lower in protein than the other 
group. If so, then it might be reasonably argued that they might also be 
consuming less carotene and vitamin A, thus accounting for the more 
advanced eye changes. That the patients with keratomalacia were much 
more seriously ill than the others is evident from the fact that they rarely 
survived more than a day or two after admission to hospital (Yap-Kie-Tiong, 
personal communication). 
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OCULAR LESIONS AND VITAMIN A DEFICIENCY 
Xerophthalmia and Dietary Protein 


The subject of the present study has not been approached in this way 
before, and the little work that has been done on the interrelationship of 
vitamin A and protein has not been designed to shed light on the human 
problem outlined above. Early French work (Randoin and Queuille, 1934) 
set out to show how the evolution of vitamin A deficiency is affected by the 
nature and the proportions of the protein in the diet. These workers con- 
cluded that protein has no effect on the development of xerophthalmia, but 
diets deficient in protein were not used, the levels being 17, 27, and 37 per 
cent. 

About the same time there seems to have been a widely-held belief that it 
had been demonstrated that diets containing protein of poor quality and 
deficient in vitamin A caused xerophthalmia to develop more rapidly than 
those with good quality protein. This opinion is expressed by Parsons 
(1932) without giving his source, and according to Owen and Hennessey 
(1931-2) it appears in a text-book by McCollum and Simmonds (1929). It 
would seem that the source of this view is a paper by Powers, Park, and 
Simmonds (1923) which described the feeding of rats on three diets, all 
deficient in vitamin A and containing proteins of different qualities. These 
diets, however, were not equally deficient in the vitamin; for instance one of 
the two diets which contained casein had three times more casein than the 
other, and the rats receiving the diet with the greater amount of casein 
“came down more slowly with xerophthalmia”. Protein was obviously 


not the only variable factor in these diets, and the conclusion that the quality 
of protein in a diet influences the onset of xerophthalmia cannot be accepted. 


Effect of Vitamin A on Growth and Protein Metabolism 


Vitamin A increases the efficiency of the food of rats in maintaining or 
producing tissues (Patterson, McHenry, and Crandall, 1942). Similarly, 
Mayer and Krehl (1948) found a reduction in the efficiency ratio of weight 
gain over food intake in vitamin A-deficient rats. That the rate of growth 
is closely related to the expenditure of vitamin A was shown by Johnson 
and Baumann (1948). Rats deprived of vitamin A and restricted in growth 
by inadequacy of calories, or of tryptophan or thiamine, used up their stores 
less rapidly than those which were lacking vitamin A alone. In a study of 
the nitrogen metabolism of young and adult rats suffering from vitamin A- 
deficiency, Brown and Morgan (1948) found impaired growth, increased 
urinary nitrogen, and disturbed nitrogen balance in young but not in adult 
animals. They concluded that vitamin A is essential for tissue protein 
growth but not for its maintenance. Dye, Bateman, and Porter (1945) 
found that lack of protein had little effect on the utilization of vitamin A in 
the rat. The levels of protein they employed were 9, 18, and 36 per cent. 
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Finally, Moore, Sharman, and Ward (1952), in a preliminary investigation, 
found that liberal doses of vitamin A enabled rats to subsist better on a die‘ 
deficient in protein. 

It is evident from these various investigations of this aspect of the metabc- 
lism of vitamin A that a good deal is known about it-in the rat, but no other 
animal appears to have been used and in no instance have the eye lesions 
been considered at the same time. 

















Influence of Sex on Vitamin A Requirements 


After the first world war an epidemic of night blindness and xerophthalmia 
occurred in Vienna, and some time later Birnbacher (1928) produced statistics 
which showed that 88-5 per cent. of the patients he studied had been men and 
boys. A recent study in Java, where xerophthalmia is endemic, shows that 
there is a male preponderance, especially after the age of 10 years (Oomen, 
1958). In Birnbacher’s series there had also been the greatest disparity 
between the sexes after the age of 10 years and maximum from 20 to 25 years. 
Even so, of the 22 cases under 10 years of age, seventeen were boys. 

In rats, Coward, Key, Dyer, and Morgan (1931) found that, when young 
rats which were deficient in vitamin A were given large doses of cod-liver oil, 
males grew more rapidly than females, but that at low levels of dosing the 
relationship was reversed. Later, from a large accumulation of data, 
Coward (1942) showed that there was a statistically highly significant greater 
mortality amongst males. 

Evidence whether males deprived of vitamin A show signs of deficiency 
before females is inconclusive, for Mayer and Krehl (1948) claimed that this 
was so for rats, but Booth (1952) could not confirm this. 


















PRESENT INVESTIGATIONS 







Methods.—Wistar albino rats, known as “‘ Glaxo ”’ as they had been obtained 7 
years previously from Glaxo laboratories and bred in the Human Nutrition 
Research Unit, were used throughout. Egg albumen was chosen as the sole source 
of protein, being free from vitamin A, and avidin inhibition of biotin was 
prevented by heat treatment. Each constituent of the diets was subjected to the 
Carr-Price test and shown to contain no vitamin A. 

Because of the large liver stores of the vitamin which young animals possess, it 
is necessary to induce deprivation very early if signs of deficiency are to be mani- 
fested in the growing animal. If the deficient régime is commenced before 
conception or in early gestation in the rat congenital defects are frequently pro- 
duced. It is sufficiently early to start to feed the dam a diet free from vitamin A 
during lactation. In the experiments to be described a deficient diet (Diet 1) was 
fed from the 16th day of life of the young, to both the dam and the young, and 
weaning took place 7 days later. This diet was composed as follows : 
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Ingredient 





Egg albumen 
Wheat starch 5 
Cotton seed oil .. 
Yeast is 

Salt mixture 








On weaning, rats were kept in individual cages and provided ad libitum with 
both food and water. Their eyes were examined by the slit-lamp microscope 
twice weekly. On occasion, fluorescein 2 per cent and azur II 0-5 per cent. were 
used to aid the location of lesions of the cornea. 

36 rats were used from six litters, three males and three females in each. At 
weaning one male and one female rat from each litter were taken at random and 
fed Diet 2, 3, 4, or 5, so that one male and one female rat from each litter received 
Diet 2 and similarly with Diet 3, but only one male and one female rat from each 
of three litters received Diet 4 and Diet 5. The four diets 2-5 were composed as 
follows: 





Ingredient 
(per cent.) 








Egg albumen 
Wheat starch 
Cotton seed oil 
Salt mixture .. 

















The following quantities of vitamins were intimately mixed with each kilogram 
of the above diets: 





Vitamin 





Choline 

Inositol .. 2, a 
Para amino benzoic acid 
Nicotinic acid es 
Vitamin K 








Other vitamins were given as an oral mixture; the following vitamins were 
made up in 7-6 ml. distilled water and 0-1 ml. was given to each rat four times a 
week: 





Vitamin 


3 
a 





Thiamine .. 
Riboflavin 
Pyridoxine oe 
Pantothenic acid. . 
Folic acid é 
Biotin 

Bi as 
Ascorbic acid 
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Because of its well-known sparing effect on vitamin A, vitamin E was not added 
to the diet. Evidence that this may have influenced the results with the rats on Diets 
4 and 5 will be presented later. 5 


Results.—Typical growth curves of rats on Diets 2, 3, and 5 are shown in 
the Figure. Those animals receiving 18 per cent. protein grew normally until 
about 60 or 70 days of age, when growth slowed down, ceased for several 
days, and was followed by rapid loss of weight and general deterioration. 
That this was due to the vitamin A stores having been exhausted was con- 
firmed by the appearance of clinical signs of vitamin A deficiency, including 
xerophthalmia, shortly afterwards. Rats on 11 per cent. protein grew less 
well but otherwise behaved similarly, whilst those on 4 per cent. protein 
failed to grow at all and maintained almost constant body weight until they 
died, usually at about 80 days of age. 
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Ficure.—Growth of rats on diets 2, 3, and 5. 
(Vitamin A-free and different levels of egg albumen). 


The Table (opposite) shows the weaning weight, growth rate from weaning 
until the maximum weight was reached, time of onset of xerophthalmia, and 
survival time of each rat. 

Rat No. 108 had severe diarrhoea from weaning, failed to eat much of the 
diet, grew poorly, and died early. It has consequently been disregarded. 
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TABLE 


DETAILS OF RATS FED ON DIETS DEFICIENT IN VITAMIN A AND WITH 
DIFFERENT LEVELS OF PROTEIN 





; Per cent. Time of Onset | Time of | Weaning 
_ No Protein | OF ‘can of Xeroph- | Survival | Weight 
was : in Diet 8./ Cay thalmia (days)*| (days)* (g.) 





70 m 18 : 41 69 37°5 
74 18 : 62t 62 33-5 


71 : 71 76 38 
75 11 , 57 80 38 


72 4 54 34 39-5 
73 4 59T 59 39 


719 18 : 78T 78 43 
76 18 , 16 96 26°5 


80 11 : 74 85 26°5 
77 11 : 85 86 39 


81 4 58 58 40:5 
78 4 36 36 


85 18 : 66 69 
82 - 67 68 


86 ‘ 68T 68 
84 : 73 73 


87 667 66 
83 46+ 46 


100 : 60 63 
103 ; 75 93 
































102 ° Given vit. A 
105 62 


101 44+ 
104 44+ 


106 : 62 
109 : 55 


108t nie 
111 . Given vit. A 


107 67} 
110 57T 


112 : 46 
115 . 69 


























113 : 53 
116 : 61 


114 6 Given vit. A 
117 6 Given vit. A 
































*Reckoned from 16ih day of life when vitamin A-free regime commenced. 
tSurvived this number of days without xerophthalmia developing. 
+ Sick animal ; disregarded. 
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Nos. 102 and 111 were given liberal doses of vitamin A after they had 
reached maximum weight but before eye signs had developed. Both of 
these rats, and also Nos. 114 and 117, also given vitamin A, increased in 
weight after dosing; they survived for several months and eye signs did not 
develop, indicating that the eye changes in the other animals were due to 
deficiency of vitamin A. 


DISCUSSION 


(1) Influence of Protein Deficiency on Onset of Xerophthalmia and Survival Time 


(a) All rats on Diets 2 and 3, except those which were given vitamin A, 
developed xerophthalmia, whilst none of those on Diets 4 and 5 did so. 
Whilst some of those animals on the 4 and 6 per cent. protein diets died 
before those on the higher levels of protein were beginning to develop eye 
signs, nevertheless many lived sufficiently long for xerophthalmia to have 
developed if the level of protein had not been exerting an influence. It was 
realized that the absence of vitamin E might have accounted for the early 
death of these rats on low levels of protein, as this effect is known to occur 
(Dam, 1944). Consequently.a further litter of six rats, three males and three 
females, was treated as before, being given a 4 per cent. protein diet free 
from vitamin A but with added vitamin E. They all lived to be about 140 
days old when they were killed, without any having developed eye signs. 

It may then be concluded that, under the conditions of the present experi- 


ments, protein deficiency did not hasten the onset of xerophthalmia, but 
rather that, in the presence of marked growth retardation due to protein lack, 
the onset of signs was delayed. This was possibly due to the liver stores 
being used up less quickly than when there was adequate protein and initial 
growth was rapid. 


(b) The survival time of rats on 18 per cent. protein was a mean value of 


74 days from receiving the experimental diet (Diet 1) and 77:3 days in the 
case of 11 per cent. protein group. This difference is not significant 
(P~0-25), but the slightly longer survival of those rats which grew less well 
is compatible with the evidence that vitamin A stores are used up in pro- 


portion to growth. 


(2) Influence of Sex on Onset of Xerophthalmia and Survival Time 

(a) Excluding the three male and two female rats which died before 
xerophthalmia developed, and those on 4 and 6 per cent. levels of protein, 
none of which showed eye signs, eight male and ten female animals remain 


to be compared. 

The mean number of days for the onset of xerophthalmia in the two sexes 
is 59-125 and 68'0 days respectively. This difference is highly significant 
(P <0-01), and because of the greater growth rate of the male, also supports 
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the view that rate of growth determines the period of exhaustion of vitamin 
A stores. 


(b) To investigate the effect of sex on survival time ten male and eleven 
female rats were available for comparison and the mean survival in days 
from the day of starting on the experimental diet (Diet 1) is 72-0 for males 
and 78-56 for females. This difference is also highly significant (P<0-01) 
and may also be related to the different rate of growth of the two sexes. 
This is supported by the fact that this effect of sex was reversed in the case of 
the rats on the low protein diets in which almost no growth took place, and 
where the males survived considerably longer than the females. This may 
have been due to some selective effect of vitamin E deficiency upon females 
but the numbers are small. 


SUMMARY 


Albino rats were fed diets free from vitamin A and containing different 
percentages of protein. Deficiency of protein did not hasten the onset of 
xerophthalmia, and when the deficiency was severe the development of eye 
signs was delayed. Female rats took longer to develop xerophthalmia and 
survived longer than male rats. 

The relationship of these results to the rate of growth and using up of the 
body stores of vitamin A is discussed. 


This work was undertaken whilst the writer was a Colonial Medical Research Student 


and formed part of a thesis submitted in partial fulfilment of the requirements for the 
degree of Ph.D., University of London. The writer wishes to acknowledge the constant 
help and interest of the Director of the Human Nutrition Research Unit, Medical Research 
Council, Professor B. S. Platt, C.M.G. 
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TUBADIL IN OPHTHALMIC SURGERY* 


ITS EFFECT ON INTRA-OCULAR PRESSURE 


BY 
R. BRYCE-SMITH AnD F. K. BOSTON 


United Oxford Hospitals 


On several occasions d-tubocurarine has been used intravenously in con- 
junction with local analgesia for ophthalmic surgery (Kirby, 1950; Farquhar- 
son, 1951). The object has been to administer just sufficient to provide a 
quiet, immobile field for the surgeon, without causing respiratory embarrass- 
ment or unpleasant subjective symptoms in the patient. Probably these 
requirements are never fulfilled entirely, the result being a compromise. It 
is debatable whether the conditions provided have any advantage over the 
standard local analgesic technique which incorporates a facial nerve block. 
Both methods have the disadvantage of a limited duration of effect, which, 
although adequate for any surgical procedure, will be insufficient to influence 
the post-operative period. 

A technique which would provide ideal operating conditions and would 
also protect the patient from spasm of the orbicularis oculi during the 
ensuing 24-hour period, when the risks of such complications as iris pro- 
lapse are highest, would have obvious virtues. With this in mind, a prepara- 
tion which liberated d-tubocurarine slowly from a wax base was investigated. 
The preparation chosen was Tubadilf, since the reports of its duration of 
effect in other fields of medicine were encouraging (Hoback, 1952; Fuller, 
1950; Norcross, Robins, and Lockie, 1949). 


Tubadil—This preparation is a mixture of bees’ wax, peanut oil, and oxy- 
cholesterols, containing 25 mg. d-tubocurarine per ml. When cold it is solid, but 
on gentle warming it becomes fluid. If given by deep intramuscular injection it 
is liberated slowly from this depot. There is experimental evidence which suggests 
that the toxicity of Tubadil (in terms of respiratory paralysis) is less than that of 
equivalent doses of intravenous d-tubocurarine in the ratios of 10:1 (intramuscular 
Tubadil) and 3-5:1 (intravenous Tubadil) (Gordon). These figures emphasize 
the slow liberation of the active alkaloid from the menstruum, and also demonstrate 
the safety factor of the mixture. 


Injection Technique-—The ampoule of Tubadil is placed in water at about 60° C. 
(as hot as the hand can tolerate). When the contents have become fluid, the 
ampoule is shaken vigorously to ensure uniform mixing, and the chosen dose is 
then drawn up into a dry, sterile, syringe through a No. 1 hypodermic needle.} 





* Received for publication July 3, 1958. i : 
t Registered trade name of Endo Products Inc. for a repository form of d-tubocurarine. ; : 
ai ete pam 1 hypodermic needle has an outer diameter of 0-81 mm. and a length of 38 mm., and is equivalent to a 
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To avoid too rapid cooling of the mixture, which might make injection difficult, 


the syringe and needle should also be warmed. 


The injection must be made into a muscle mass, preferably the gluteal, as a 


single insertion. Heat must not be applied nor the area massaged, since these 


measures may increase the rate of liberation of d-tubocurarine to a dangerous 


extent. : 


Previous Uses of Tubadil.—This drug has been used during the past 10 years for 
a variety of conditions in which muscle spasm has been present. Originally, 
indications were found in neurological diseases which included tetanus (Weed, 
Purvis, and Warnke, 1948; Honey, Dwyer, Smith, and Spalding, 1954). More 
recently it has proved of value in the relief of sphincter spasm and hence pain 
following anal operations (Malia, Lucas, Burns, and Whitacre, 1954). The doses 
have been adjusted to meet requirements, but with growing confidence in the 
safety of the preparation they have been increased to give better relaxation without 
causing undesirable side-effects. 


’ Present Investigation 


It was hoped that Tubadil would abolish the need for a facial nerve block 
by providing a relaxed orbicularis oculi at the time of operation, and prevent- 
ing the tendency to “squeeze” during the early post-operative period. 
Tubadil was administered 2 hours pre-operatively to a group of patients 
about to undergo surgery for cataract extraction. Before receiving the drug, 
each individual was tested for vital capacity, hand grip with a dynamometer, 
and ocular tension.* 90 minutes later, before the injection of local anal- 
gesia and the beginning of surgery, these tests were repeated. 

24 patients were chosen for the investigation, whose ages ranged from 42 
to 85 years. Without selection they were divided into four groups of six 
subjects each. The first group received 0-75-1-25 ml. Tubadil, the second 
group 1°65-2:0 ml., the third group 2:5-3 ml., and the fourth group two 
injections of 1 ml. The injections were given 2 hours before operation, at 
the same time as premedication with intramuscular phenobarbitone. 


Results 

In none of these patients, even those who received as much as 75 mg. 
d-tubocurarine, was it possible to provide sufficiently relaxed eyelids to 
dispense with the necessity for a facial nerve block. Ptosis was seen on 
occasion, also a lateral nystagmus, suggesting partial paralysis of the external 
ocular muscles. Hand dynamometer readings showed little change, and 
although there was frequently a slight fall in vital capacity, this was in- 
sufficient to be considered of clinical significance. No subjective symptoms 
attributable to the Tubadil were observed either in these patients or in six 
others who received Tubadil in comparable doses for a further series of tests. 

The most noticeable result of this investigation was the fall in ocular 
tension which was encountered in the majority of patients. The greatest 


* Ocular tension was measured with a Schidtz tonometer (Weiss) and the same instrument was used throughout 
with a loading of 5-5 g. The results shown in the accompanying Tables are given all in mm. Hg. 
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falls occurred in those who had the highest ocular tensions initially, th: 
maximal effect occurring approximately 2 hours after injection. In thos: 
patients who underwent surgery it was impossible to determine the duration 
of this fall in tension; in consequence, six patients who were being investi- 
gated medically for glaucoma were given Tubadil and the ocular tension 
was measured at 4-hourly intervals thereafter. It would appear that, in 
spite of varying the dose of Tubadil, the effect lasted for 15 to 24 hours in 
each patient, the duration bearing little relation to the amount injected 
(Table I). But it might be assumed from this evidence that the Tubadil 
would have exerted a considerable effect during the immediate post-operative 
period if these patients had been submitted to operation. 


TABLE I 
EFFECT OF TUBADIL IN SIX PATIENTS NOT UNDERGOING SURGERY 





Initial Ocular Tension Lowest Ocular Tension| ‘ 

Age (mm. Hg) Dose of (mm. Hg) Sond Duration 

(yrs) Tubadil Tessie of Effect 
(ml.) 


Right 


45 
40 
35 
60 
22 
30 











82 
52 
44 
33 
66 
73 


Nenzen 





























Of the 24 patients who received Tubadil before surgery (Table II, opposite), 
eleven showed a fall in ocular tension. All of these remarked on their 
freedom from discomfort during the post-operative period. Slight or no 
changes in the ocular tension were found in six patients in whom the tension 
was almost within the range of normal at the outset. Once more, post- 
operative freedom from pain was noticeable. The remaining seven patients 
showed a rise in tension; in five this might be explained by the fact that 
the second reading was made by a different person—a factor which did not 
arise with the previous patients. One patient in this last group complained 
that the post-operative pain was more severe than after an extraction per- 
formed one year previously on the other eye. 

In a small control group of six patients about to undergo cataract extrac- 
tion without Tubadil, a similar series of tests (vital capacity, dynamometer 
reading, and ocular tension) was performed to assess the effect of any pre- 
medication that had been given. In this group, the ocular tension remained 
unchanged in four, showed a slight rise in one, and a slight fall in one (Table 
III, opposite). 

Conclusions 

It appears that Tubadil per se is capable of reducing the ocular tension for 

several hours. This implies that the mechanism must be due to factors 
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TABLE II 
EFFECT OF TUBADIL ON 24 PATIENTS ABOUT TO UNDERGO CATARACT 
EXTRACTION 
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Initial Findings 








Findings 90 min. after Tubadil 
Administration 





Dose 
of Tubadil Ocular 
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TABLE III 
CONTROL SERIES OF SIX PATIENTS NOT GIVEN TUBADIL* 





Ocular Tension 





Before Premedication 


2 hours after Premedication 





Effect on 
Ocular Tension 























Unchanged 
—e 


ise 
Unchanged 
Fall 

Unchanged 





* All patients received premedication with 2 gr. (120 mg.) phenobarbitone intramuscularly. 


other than relaxation of the external ocular muscles, since it is recognized 
that the eye quickly accommodates itself to pressure effects from without. 
It is doubtful whether Tubadil serves any useful purpose in the routine 
preparation of the average patient who is to undergo cataract extraction, 
but in those with a high initial ocular tension, with its well-known attendant 
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risks, it should be possible to afford some protection for a limited period. 
We would therefore suggest that in patients in whom the risk of post-operative 
ocular complications of a similar nature might be expected, Tubadil deserves 
a more extended clinical trial. 


We express our thanks to Endo Products Inc., Richmond Hill, N.Y., for supplying the material 
used in this investigation, and to Dr. Samuel Gordon, Vice-President of the Company, for his 
willing co-operation and advice. We are also grateful to the surgeons of the Oxford Eye Hospital 
for their assistance and encouragement during this investigation. 
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MALIGNANT LYMPHATIC TUMOURS OF THE ORBIT 
A REVIEW OF EIGHT CASES* 
BY 


VERNON H. SMITH 
Manchester Royal Eye Hospital 


WHEN a case presented at the Manchester Royal Eye Hospital which was 
diagnosed as a malignant lymphatic tumour of the orbit, a search was made 
in the records for similar patients. Follow-up of this trail led naturally 
to the Christie Hospital and Holt Radium Institute, where the records 
contained further cases referred there direct. 
Altogether eight cases reported as malignant orbital lymphatic tumours 
have been collected. On five of these a second pathologist’s report is 
available from the block or slide from which the original report was made. 


Case Reports 


Case 1, a man aged 47, first attended the Manchester Royal Eye Hospital on June 29, 
1955, under the care of Dr. S. B. Smith, complaining of proptosis and diplopia. 


Examination.—There was right-sided proptosis due to a retrobulbar mass. There was 
no extra-orbital glandular enlargement. 

A biopsy was taken from this orbital tumour, and the following pathologists’ reports 
were received : 

(i) “Lymphosarcoma. Firm yellowish-grey tissue. Specimen is composed of closely packed 
lymphocytic cells with considerable infiltration of the rectus muscle. In places there are groups 
of “blast” cells, occurring as separate entities—with large and mostly hyperchromatic nuclei, 
amongst the latter mitoses are plentiful.” 

(ii) (From the same block). ‘From the notes? peri-orbital tissue. A small round nodule 
which looks like a lymph node but contains striped muscle. This may be an infiltrated eye 
muscle, in which case unilateral ophthalmoplegia or early thyrotoxicosis must first be excluded I 
think. The cells are the shape and size of lymphocytes, and I have not found any mitoses.” 

Treatment.—The case was accepted as lymphosarcoma at the Christie Hospital. A 
tracer dose of radioactive iodine showed poor take up, and a radical course of x-ray 
treatment was given. 


Follow-up.—The patient was last seen on September 11, 1957, when he was noted to be 
well with no recurrent lymph nodes. 


Case 2,a man aged 62, first attended the Manchester Royal Eye Hospital on May 25, 
1957, under the care of Mr. P. L. Blaxter, wishing to have his eyes tested. 


Examination.—Annulat swellings of both conjunctiva were seen, which were diagnosed 
Clinically as conjunctival lymphomata. There were enlarged nodes in both axilla, both 





* Received for publication June 16, 1958. 
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groins, and in both cervical gland fields. A biopsy was taken from the conjunctival 
swelling in the right lower fornix, and the following pathologists’ reports were received: 


(i) “A 1-25 cm. strip of yellowish tissue with a mainly smooth surface. There are two main 
nodules of tumour tissue comprised of densely-packed lymphocytic elements of small and medium 
size. The borders of the nodules are fairly sharply defined. Mitoses are only moderately 


numerous. 
I think this lymphoma must be regarded as malignant though the grade of malignancy is low. 


Radiosensitivity will of course be high.” 

(ii) (From the same slide). ‘Small blobs of tissue infiltrated by small lymphocytes, and 
although a few dividing forms are seen I think this is more like an infiltration than a tumour. Is 
there any question of thyrotoxicosis here? Compare cases . . . sent here as sarcoma, . . . which 
may fall into the ‘pseudo-tumours of the orbit’ group.” 

Treatment.—The case was accepted at the Christie Hospital, and an initial treatment of 
6 days’ x-ray therapy was given. 

The patient developed signs of intestinal obstruction, thought to be due to abdominal 
involvement in the general neoplastic process, and a further course of 7 days’ deep x-ray 
therapy to the abdomen was given. 

The patient died on August 28, 1957, and post-mortem examination revealed an intus- 
susception due to a hyperplastic Peyer’s patch, with widespread involvement of the 
abdominal glands in the neoplastic process. 


Case 3, a man aged 58, was referred to the Christie Hospital on September 18, 1947, 
from Preston Royal Infirmary, where he was under the care of Mr. Sumner. He was 
complaining of a swelling arising from the subconjunctival tissues of the right inner 
canthus. 

Examination.—There was no significant extra-orbital glandular enlargement. There 
were bilateral small axillary nodes but these were regarded as normal. 

Biopsy was performed from the orbital mass, and the following pathologists’ reports 
were received: 

(i) ‘Reticulum cell sarcoma.” 

(ii) (From the same slide). ‘‘A smail gland-like mass of tissue which appears to be well 
encapsulated. It consists of a mass of lymphocytes among which some dividing cells are present. 
Lympho-sarcoma I think.” 

Treatment.—Radical x-ray treatment was given. 

Follow-up.—The patient was last seen on November 2, 1956, when he was reported to 
be well, with no lymph-node enlargement. 


Case 4, a man aged 66, first attended the Manchester Royal Eye Hospital on January 25, 
1952, under the care of Mr. A. Stewart Scott. He gave a history of a small lump behind 
the left inner canthus that had gradually grown over the last 2 years, and was now present- 
ing as a case of proptosis. 

Examination.—There was no evidence of any extra-orbital spread or glandular enlarge- 
ment. 

A biopsy was taken from the tumour, and the following pathologists’ reports were 
received: 

(i) “An irregular piece of grey-white tissue of a rather soft consistency. Section shows a 
uniform picture of a diffuse lymphoid tissue with closely packed cells. The appearances are 
compatible with the benign lymphomata which occur in this region, but in some of the blood 
vessels there is a relative excess of lymphocytes and it may be that this localized growth is part 
of a chronic lymphatic leukaemia.” 
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(ii) “A piece of tissue infiltrated by lymphocytes. One small tuberculated cluster of cells seen 
(histiocytes). Perhaps Wassermann reaction is indicated (this was negative).” 

Treatment.—The patient was accepted at the Christie Hospital and was given a radical 
course of x-ray therapy to the orbit. 


Follow-up.—He was last seen on August 21, 1957, when there were no enlarged lymph 
nodes. There was slight residual proptosis, and the visual acuity in the left eye was 
reduced to perception of light because of cataract. 


Case 5, a married woman aged 63 ,was referred to the Christie Hospital on May 23, 1950, 
after being seen by Sir Geoffrey Jefferson at Manchester Royal Infirmary. 


Examination.—There was a large tumour involving the upper part of the orbit, which 
had spread forwards and upwards onto the forehead. A piece had been removed for 
biopsy. Apart from this extension there was no extra-orbital spread or glandular enlarge- 
ment. 

The following pathologists’ reports were received: 

(i) “‘Lymphosarcoma.” 

(ii) “*Slide shows densely packed small cells which may be either mesenchymal or epithelial. 
There are also a few cells containing what I think are melanin deposits. Could it be a retino- 
blastoma (i.e. neuroblastoma)? It does not look like a leukaemic deposit.” 

Treatment.—The patient was accepted for radical x-ray treatment at the Christie 
Hospital, and after this the tumour regressed rapidly. 


Follow-up.—When seen on March 7, 1951, she was reported as being well, with no 
enlarged lymph nodes. Unhappily however, she subsequently developed a carcinoma 
of the colon, which caused intestinal obstruction. After an operation for this she made 
a good recovery, but died on April 30, 1952. Post-mortem examination showed a recur- 
rence of the carcinoma of the colon, but no evidence of lymphosarcoma. 


Case 6, a married woman aged 76, first attended the Manchester Royal Eye Hospital 
on April 24, 1956, under the care of Mr. O. M. Duthie, complaining of diplopia. 


Examination.—The left eye was proptosed and displaced laterally. There was a 
palpable tumour at the inner canthus, and bilateral enlarged cervical lymph nodes, one 
of which was removed for biopsy. The following pathologist’s report was received: 

‘The normal architecture of the node has been lost, and instead a uniform sheet of lymphocytes 
is seen. The appearances are compatible with either lymphosarcoma or chronic lymphatic 
leukaemia.” 

Treatment.—The patient was accepted at the Christie Hospital as a case of “‘proved 
lymphosarcoma’’. 

Follow-up.—There was a good response to irradiation and the diplopia improved, but 
subsequently her condition deteriorated and she died on November 24, 1956. 


A post-mortem report stated that there was still disease present in the treated area (the 
orbit and the neck), and that new foci had arisen outside it. 


Case 7, a man aged 64, first attended the Manchester Royal Eye Hospital on September 
11, 1953, under the care of Mr. A. Stewart Scott, complaining of proptosis and diplopia. 

Examination.—There was an orbital tumour displacing the globe downwards and 
forwards, and a mobile enlarged pre-auricular gland. A biopsy was taken from the 
orbital tumour, and the following pathologist’s report was received: 


“Lymphosarcoma. An irregular piece of fibro-fatty tissue 1-5 cm. long lying in the orbital 
tissue, and large and small areas of closely packed small lymphocytes. There is marked 
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infiltration of and replacement of the orbital fat by tumour cells. Mitoses are only moderately 


numerous. 

The picture indicates a malignant type of lymphatic neoplasia, though of low grade, and the 
prognosis may be relatively good—at least for some time.” 

Treatment.—The patient was accepted at the Christie Hospital as an “apparently 
localized lymphosarcoma—and essential to treat radically’’, and was accordingly given a 
radical course of x-ray therapy. 

Follow-up.—When he was seen on March 27, 1957, the visual acuity in the left eye was 
poor because of irradiation cataract, but otherwise the patient was well, with no recurrent 


lymph nodes. 


Case 8,a married woman aged 38, was first seen in May, 1948, by Sir Geoffrey Jefferson 
at Manchester Royal Infirmary. She then gave a history of swelling of the right upper 
and lower lids, which had been present for 2 years. 

Treatment.—On June 26, 1948, she underwent an operation for the removal of this 
tumour, which was found to originate in the orbit and to surround the globe. A large 
part of the tumour and the globe were removed, and the following pathologist’s report 


was received: 

**Typical lymphosarcoma.” 

Progress.—She was seen at the Christie Hospital on August 26, 1948, with some residual 
tumour still present. An indefinite swelling was present in the right upper deep cervical 


region. 
She was given a radical course of x-ray therapy to the orbit and cervical region after 


which the tumour disappeared. 
Follow-up.—This has been difficult, as the patient is now living in Jamaica, but the last 
letter from her doctor received in August, 1956, stated that she was well. 


Discussion 

As Scott (1958) points out, one’s attitude towards lymphatic tumours 
may rest at any position between two extremes. The view may be taken that 
they are variable in appearance and behaviour, and capable of different 
histological structure and variable pathological activity during the course of 
the disease. Classification is easy in these circumstances: all tumours are 
lymphomata, of different degrees of malignancy. 

On the other hand each histological picture may be regarded as charac- 
teristic of a disease entity, necessitating a detailed classification such as that 
of Robb-Smith (1938). 

It is not intended to discuss this problem further, but it undoubtedly makes 
it difficult to compare cases when the only medium is the printed word. 

Various classifications have been proposed to help the situation, such as 
those of Feinstein and Krause (1952), Forrest (1949), and Robb-Smith 
(1938), all of which differ from each other considerably. Even so, terms 
are frequently employed which are not in common use, such as lymphocytoma 
(van Wien, 1948). 

Furthermore, even when common terms are employed, cases are reported 


which might be differently labelled by other pathologists. For example, a 
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case of lymphosarcoma of the orbit was reported by Friedman, Borrelli, and 
Geleris (1955) as having been cured by f rays. It is impossible to be certain 
that this tumour was identical with those in the seven cases of lymphosar- 
coma reported by Forrest (1949), four of which were dead in 2 years 
even after radical x-ray therapy. 

Indeed the statement that the diagnosis may rest on clinical behaviour of 
the growth (Duke-Elder, 1952) is probably the most satisfactory rule to 
follow, and is certainly borne out by the small series reported above. 

If these cases are considered in terms of extra-orbital spread alone, it is 
seen that at the time of presentation there was evidence of glandular involve- 
ment outside the orbit, or direct spread of the tumour outside the anatomical 
confines of the orbit, in four of the eight cases. 

Of these four, three have died within 2 years of being first seen. One 
patient may be considered to have died from intercurrent disease (Case 5), 
but excluding this, there still remains a mortality of 50 per cent. within 6 
months of presentation. 

Of the patients without extra-orbital spread, all are alive and well after an 
interval varying from 2 to 9 years. 


Summary 


(1) Eight cases reported as malignant lymphatic tumours of the orbit are 
described. 


(2) The difficulty of comparing cases on an histological basis is noted and 
the series is analysed in terms of extra-orbital spread. 


It is a pleasure to acknowledge the generous facilities granted to me at the Christie 
Hospital for examination of their case records, and to thank all the consultants at the 
Manchester Royal Eye Hospital and elsewhere for permission to publish cases under 
their care. Especial thanks are due to Mr. P. L. Blaxter, without whose initial 
encouragement the inquiry would not have been undertaken. 
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CASE NOTES 


MARFAN’S SYNDROME* 
BY 


DORIS ROSE 
Eastbourne 


A man born in 1902 first noticed some failure of distant vision at the age of 25. In 
1943, at the age of 41, the right lens dislocated into the lower pole of the posterior chamber, 


and the left lens dislocated similarly the following year. 
In 1949 sudden deterioration of vision in the left eye was found to be due to sub-acute 


glaucoma, and a satisfactory trephine was performed. The right eye was given precau- 
tionary 1 per cent. eserine drops twice daily, but 4 days later the right eye suddenly deve- 


loped acute glaucoma. The tension resolved following a right trephine. 
In 1951 the visual acuity was 6/5 with aphakic correction with each eye, and the ocular 


tension was normal although the trephines did not appear to be draining. 
In January, 1958, the visual acuity was still 6/5 with each eye, corrected, and the visual 
fields were full. The lenses were easily seen lying at the lower poles through undilated 


pupils. The pupils dilated only slightly with a mydriatic. 
General Medical Examination —The patient showed arachnodactyly with height 6’ 3”, 


and weight 10 st. 8 lb. There were no signs of physical disease in chest, lungs, abdomen, 
or centra! nervous system. The blood pressure was 168/100. The family history was 


negative. 


X-ray Report.—The bones of the hands and feet show fairly well-marked elongation 
of the metacarpals and phalanges, especially noticeable in the thumbs. No other ab- 


normality is seen in the limbs. The appearances would be consistent with a mild degree 
of arachnodactyly. Examination of the spine in this patient shows almost complete 


ankylosis of the sacro-iliac joints, with a tendency to loss of the normal anterior con- 
cavities of the bodies of the lumbar vertebrae and commencing ossification of the anterior 


common ligament, most marked in the upper lumbar region. These appearances are 
typical of ankylosing spondylitis. The two conditions would appear to be unrelated and 


associated by chance.” 


Summary 


A case of Marfan’s syndrome is described, in which bilateral luxation of the 
lenses was followed by bilateral acute glaucoma. Bilateral trephines have 
been followed by normal tension for nearly 10 years. It is a point of interest 
that, although the trephines broke the cycle of events, they are not draining. 


The corrected visual acuity in each eye is 6/6. 


My thanks are due to Dr. A. G. Emslie for the general medical report and to Dr. E. Owen 
Fox for the X-ray report. 





* Received for publication July 11, 1958. 
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ANNOTATION 
SUTURES IN CATARACT SURGERY 


A RECENT paper in this Journal and subsequent correspondence addressed to the 
Editor, only some of which has been published, suggest that the collective ophthal- 
mological conscience has been stirred over the use of sutures in cataract surgery, 
or, to be more precise, over the manner in which such sutures should be removed 
with least possible physical and psychological trauma to patient and surgeon 
alike. A joint issue such as this seems to us to call for some form of editorial 
comment and perhaps to justify one of those annotations which used to be a 
regular feature of this Journal, but have in recent years fallen into desuctude. 

Our readers may feel that this resurrection is uncalled for, but we are always 
ready to extend the editorial neck in a humane cause. 

_ It is interesting to recall that the use of stitches for wound closure in cataract 
surgery was first advocated in the Royal London Ophthalmic Hospital Reports 
(a revered ancestor of this Journal) more than 90 years ago by an American, 
Williams, of Boston. They did not cotton on at the time, but with the increasing 
trend towards intra-capsular techniques in the 1930s came their renaissance, 
trailing clouds of eponymous glory which were so widespread that in the end it 
became almost a mark of distinction—or perhaps of amiable eccentricity—not to 
have one’s own private and peculiar method. Their use is now common, but as 
regards technique still, almost, quot homines tot sententiae. At the one extreme 
is the old school, so valuable for its stabilizing influence in any form of human 
enterprise, which believes that the cataract operation cannot possibly be made 
too short and too simple and uses no sutures whatever, at the other is the avant- 
garde which considers it equally impossible to make cataract surgery too com- 
plicated or too prolonged and whose operative field is such a cat’s cradle of 
particoloured bits of string as to make the sympathetic onlooker feel that the 
pallid and perspiring assistant would be properly and more kindly replaced by 
someone of the calibre of Hornblower’s bosun. In the middle of the road, and 
now of more or less respectable middle age, are those of us of simple type brought 
up to use one, two, or three sutures, also of simple type, falling between the bravado 
of the old school and the bravura of the new. 

The feeling among the seamsters appears to be that what goes in must come 
out—hence the pother. Shall we use cotton? Should we use silk? What about 
evading the issue, using virgin silk (whatever that is), burying it decently and 
forgetting about it? However, even if we do this last it seems that in many 
cases the virgin silk is, shall we say charitably, too pure to be tolerated by frail 
humanity, and quite often even these sutures have to be dug out with even more 
trouble than usual. It is generally agreed that the removal of corneo-scleral 
Sutures is not entirely free from complications and it may understandably be a 
trying procedure for a patient looking forward only to going home, especially if 
it be carried out, as some would advocate, with the full panoply of Bell, Book, 
and Candle—in other words, sedation, local analgesia and akinesia, and yet 


another visit to the theatre. 
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Inspired no doubt by the recent unequivocal Russian demonstration that what 
goes up does not necessarily have to come down, many of our correspondents 
have pointed out that catgut sutures obviate these disadvantages, tranquillize both 
parties, and are as free from undesirable complications as any of the other 
materials in common use. They were, of course, advocated as far back as 1944, 
but at that time were thick and clumsy, and the recently-produced very fine 
(000,000) gut, plain or chromic, is much more manageable, is of good tensile 
strength, and can be threaded without difficulty (at least by the Argus-eyed theatre 
sister) on to any orthodox corneo-scleral needle, or can be obtained already on 
atraumatic needles. Nature will take care of its disposal, the patient at least 
will welcome it, and on these two bases the anxious surgeon may rationalize his 
phobia of dealing with these elusive and often difficult foreign bodies. A stitch 
is a small thing and perhaps a small matter but—vel de minimis curat chirurgicus. 


NOTES 


OPHTHALMOLOGICAL SOCIETY OF THE UNITED KINGDOM 


Annual Congress, 1959 


The Annual Congress of the Ophthalmological Society of the United Kingdom will 
be held on April 9, 10, and 11, 1959, under the presidency of Mr. R. C. Davenport, 
M.B., F.R.C.S., at the Royal Society of Medicine, 1, Wimpole Street, London, W.1. 


IRISH OPHTHALMOLOGICAL SOCIETY 
Annual Meeting, 1959 


The Annual Meeting of the Irish Ophthalmological Society will be held at the 
Institute of Clinical Science, Belfast on May 14, 15, and 16, 1959, in conjunction 
with the Section of Ophthalmology, Royal Society of Medicine. 

Dr. Joaquin Barraquer of Barcelona will deliver the James Craig Lecture. 


SOUTH-EAST METROPOLITAN REGIONAL HOSPITAL BOARD 
Corneo-Plastic Conference, 1959 


A conference will be held on June 26 and 27, 1959, at the Queen Victoria Hospital, 
East Grinstead, Sussex. There will be a Symposium on ‘Problems of Tissue Trans- 
plantation”, and lectures on surgery of the lids, cornea, lacrimal apparatus, and socket. 
Illustrative cases, operations on closed-circuit television, and scientific exhibits will be 
shown. 

The conference will be strictly limited to sixty members, including places reserved for 
visitors from abroad and for non-consultant surgeons. 

An inaugural dinner will be given to members and their wives on June 26, and excursions 
have been arranged to Canterbury and Petworth for the ladies. 

The registration fee is 5 guineas for consultants and 3 guineas for non-consultants. 

Further information may be obtained from the Secretary, Corneo-Plastic Unit, Queen 
Victoria Hospital, East Grinstead, Sussex. 
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OBITUARY 


PHILIP GEOFFREY DOYNE 


Progressive and harrowing ill health had taken Geoff Doyne from the company of 
his friends for a number of years. But many, especially those who knew him in London 
and Oxford, will have been saddened by the news of his death. 

Philip Geoffrey Doyne was born in 1886, the elder son of Robert Doyne, whose name 
is esteemed in ophthalmological circles all over the world. He was educated at 
Winchester, Trinity College, Oxford, and St. Thomas’s Hospital, from which he qualified 
in 1913 following this by his F.R.C.S. (Eng.) in 1914. He served with the R.A.M.C. 
in the 1914-18 war and spent three years in Mesopotamia, becoming the Army Eye 
Specialist in Baghdad. He settled in London after the war and in due time was appointed 
ophthalmic surgeon to St. Thomas’s Hospital and surgeon to the Royal London Ophthal- 
mic Hospital (Moorfields). For a number of years he was ophthalmic surgeon to the 
Hospital for Sick Children, Great Ormond Street. He was an examiner for the Diploma 
in Ophthalmology at Oxford for some years before the university discontinued the 
examination. 

He was of retiring nature and wrote and spoke little in medical circles, but was known 
to his colleagues and patients as a conscientious, kind, and sound ophthalmologist 
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whose work and opinion were held in high regard. He became a Vice-President of the 
O.S.U.K., but a major affection was for the Oxford Congress founded fifty years ago 
by his father. Of this he was Master in the years immediately after the 1939-45 war 
and his delightful company there and advice on the Congress Council over the years 
will be remembered by many of his colleagues in Great Britain and overseas. His 
modest, gentle charm, his slightly diffident merry wit, and his hospitality endeared him 
to all who knew him. 

He was fond of games, he rowed in his College boat, and with his brother, especially 
when in later years he lived outside Henley, he kept a keen interest in rowing all his life. 
But his major athletic interest which brought him international fame was in fencing, 
for he was twice British Amateur Foils Champion and was in the Olympic team for 
that weapon. His fairness, skill, and courage brought honour and many demands for 
service as fencer, judge, and adviser. He kept fit enough to fence regularly till the age 
of sixty and enjoyed the company of a wide circle of friends. 

To his widow, his quiet but stalwart support, and to his daughter, his many friends 
extend their most real sympathy. 


Noa Pings, 1888—1959 


Many people in Great Britain will be sad to hear of the death of Noah Pines on January 
10, 1959. Born in Moscow he spent turbulent years as a student during the recurrent 
pogroms which occurred in Russia at the time. He qualified in medicine in Kiev in 1911 
and when war broke out joined the Russian Army in which he achieved considerable 
distinction. At the time of the revolution he came to England and there took a medical 
degree; knowing no English he answered all his papers in Latin. Although practising 
ophthalmology all his life, he decided at the age of 63 to take out a special academic 
qualification—and succeeded. Soon after his arrival in England he became a founder 
member of the consultant staff of the London Jewish Hospital, and was a constant 
attender and frequent speaker at ophthalmological meetings. His sterling work among 
the casualties during the bombing of London in the second world war was officially 
recognized by the Order of St. John of Jerusalem. A careful clinical observer with a 
sound knowledge of general medicine, he will probably be best remembered for his work 
on vascular conditions in the fundus, particularly those associated with arteriosclerosis. 
He leaves a wife and three children, all of whom are doctors. 


KENNETH BLACK 


Mr. Kenneth Black, F.R.C.S., L.D.S., died on January 27, 1959, at the age of 79. 
He was formerly professor of surgery and lecturer in ophthalmology at King 
Edward VII Medical College, Singapore, and Surgeon to the General Hospital, 
Singapore. 


CORRIGENDA 


In the article by M. E. Cameron entitled “Congenital Arterio-Venous Aneurysms of the 
Retina” (Brit. J. Ophthal., 1958, 42, 655): 
Page 656, line 10: for ‘‘inferior nasal artery”, read ‘‘superior nasal artery’’. 
Page 661, line 4: for “‘joining the left superior nasal vein and a left superior nasal artery”, 
read “joining the right superior nasal vein and the right superior nasal artery”’. 
Page 663, Fig. 6, Optic foramina: The labels ‘left’ and ‘right’ should be transposed. 





OS ee es ey aR ea A a ce a eee ae Ae 


Brit. J. Ophthal. (1959) 43, 257. 
COMMUNICATIONS 


OCULAR MANIFESTATIONS OF INTERNAL CAROTID 
ARTERY OCCLUSION* 


BY 


NEIL GORDONT 
St. Mary’s Hospital, London 


THE syndrome of “carotid hemiplegia” referred to in the older literature 
(Gowers, 1893) consisted in blindness of the eye on the side of the arterial 
lesion and weakness of the opposite side of the body. The introduction of 
arteriography (Moniz, Lima, and de Lacerda, 1937) showed that occlusion 
of the internal carotid artery was a relatively common cause of cerebral 
symptoms. These could take many forms (Johnson and Walker, 1951; 
Fisher, 1951; Shapiro and Peyton, 1954) and the association of ipsilateral 
blindness and contralaterai hemiplegia was only one of a numberof possible 
syndromes. However, the occurrence of transient or permanent blindness in 
the early stages of this disease is sufficiently common to make the recognition 
of its aetiology of some importance. If the presence of a carotid occlusion 
can be demonstrated before it becomes complete, the recent advances in 
arterial surgery have made it possible to remove the obstruction and to 
restore a normal blood flow in the affected internal carotid artery. Walsh 
and Smith (1952) have reviewed the arterial blood supply to the visual path- 
ways and have confirmed that the intra-orbital portion of the optic nerve is 
the only part that does not have a dual blood supply. As the efficacy 
of the collateral circulation is one of the principal factors determining the 
clinical manifestation that may or may not result froma lesion in the internal 
carotid artery in the neck, this fact will certainly play its part in the production 
of visual symptoms. There is no doubt that such a lesion most frequently 
results in evidence of disturbed function in those areas of the brain supplied 
by the middle cerebral artery, and it is well to remember that a large part of the 
optic radiations are within the territory of this artery. 

The two commonest ocular symptoms resulting from carotid artery lesions 
are undoubtedly blindness of the homolateral eye and hemianopic field defects. 
The unilateral blindness may be transient or permanent. In the first case 
the patient complains of brief attacks of obscuration of vision affecting one 
eye and often unassociated with other symptoms. However, the onset of a 
severe hemiplegia may not be long delayed and it has been suggested that this 
sometimes has a beneficial influence on the function of the homolateral eye 
possibly due to an increased collateral circulation from both the homolateral 
and contralateral external carotid arteries (Fisher, 1952). When the transient 


* Received for publication July 17, 1958. 
t Present address: Booth Hall (Children’s) Hospital, Manchester. 
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visual symptoms are the precursor of permanent blindness of the affected eye 
they do not usually last for more than a few days. When this occurs the 
thrombosis may have spread along the ophthalmic artery and the retinal 
picture will be one of closure of the central retinal artery (King and Long- 
worthy, 1941). However, if the thrombosis remains confined to the origin 
of the ophthalmic artery, the collateral circulation from the external carotid 
artery may be sufficient to maintain an adequate blood supply to the eye. As 
might be expected when both the internal and external carotid arteries are 
thrombosed, blindness of the ipsilateral eye will be particularly common 
(Gurdjian and Webster, 1949). Permanent blindness may also result from 
an embolus arising at the site of the internal carotid artery lesion in the neck 
and blocking the trunk of the ophthalmic artery. 

Homonymous hemianopia is the most frequent ocular sign of internal 
carotid artery thrombosis (Walsh, 1957). This may also be transient, though 
the patient is then most likely to complain of loss of vision in one eye 
even when the defect is hemianopic. It is, however, more frequently 
permanent, although after a time there may be a considerable reduction in 
the area of visual loss. Walsh (1957) maintains that the hemianopia is 
predominantly due to impaired circulation through the middle cerebral 
artery. There is a tendency for the upper quadrants to be spared, the middle 
cerebral artery being the main blood supply to the upper parts of the optic 
radiation. 

Other ocular manifestations of internal carotid artery thrombosis are rare, 
but pupillary abnormalities and external ocular palsies do occasionally 
occur. In the series of patients reported by Johnson and Walker (1951), 
if there were inequalities of the pupils, that on the side of the lesion was most 
frequently smaller than the other. External ocular palsies may be the result 
of complications, such as extensive cerebral infarction resulting in raised 
intracranial pressure. Papilloedema has also been recorded after cerebral 
infarction due to occlusion of the internal carotid artery (Walsh, 1957). 

An observation of the retinal arterial pressures can be used in the diagnosis 
of internal carotid artery thrombosis, at least until an adequate collateral 
circulation has developed, If, while the eye on the side of the suspected 
carotid artery lesion is being examined with the ophthalmoscope, light 
pressure is applied to the globe, or, if the opposite carotid artery is 
compressed, the retinal arteries may become narrowed (Denny-Brown, 
1952). However, it is difficult to tell when the results of such tests are defi- 
nitely abnormal. Méilletti (1950) described the use of Bailliart’s ophthalmo- 
meter, with which it is possible to obtain a reasonably accurate measurement 
of the pressures within the retinal arteries. He found that the systolic retinal 
pressure on the side of the lesion was significantly reduced, although the 
diastolic pressures might be equal on the two sides. Compression of the 
carotid arteries on the side of the lesion had no effect on the retinal artery 
pressures, but compression on the other side of the neck caused a significant 
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decrease of systolic pressures on both sides, but especially on the side of the 
lesion. Wood and Toole (1957) confirmed these results and found that the 
use of the ophthalmometer offered a simple method for screening those 
patients with cerebral vascular symptoms for whom surgical treatment might 
be contemplated. 


Case Material 


The incidence of ocular symptoms was analysed in fifty patients suffering from a 
partial or complete occlusion of the internal carotid artery. The diagnosis was 
confirmed either by angiography or at surgical exploration, these patients having 
been admitted to St. Mary’s Hospital for consideration of surgical treatment. 

The ages of these fifty patients varied between 28 and 76 years, forty were males 
and ten were females. The left internal carotid artery was the site of a partial or 
complete occlusion in 32 of these cases and the right in seventeen. In one patient 
both internal carotid arteries were completely blocked. Only the ocular symptoms 
and signs will be discussed, as a detailed clinical account of the majority of these 
patients will be published later in association with a review of the results of surgical 
treatment. 

In ten patients there was evidence of either transient or permanent impairment 
of vision in the eye on the side of the affected internal carotid artery. Six gave a 
history of transient attacks of blindness which should always raise the possibility 
of a lesion in this artery. Three of these were shown on arteriography to have a 
partial occlusion of the internal carotid artery which was successfully removed at 
operation. The remaining three patients had a complete block of this artery and it 
could not be reconstructed surgically. 


Case 1, a married woman aged 66 years, had started to suffer from a series of ‘‘attacks” 
3 months before admission to hospital. These would start with rapid palpitations and 
feelings of faintness and tightness in the chest. Then within a few seconds the right arm 
would become weak, stiff, and numb. The patient would find she could not speak and 
had difficulty in swallowing. The left eye would become blind and as the vision returned 
small black spots would appear to fall downwards over the left visual field. The episodes 
lasted for about 10 to 15 minutes and they usually ended with involuntary crying. They 
occurred every day for the first week or two but gradually became less frequent until 
their incidence was reduced to once a fortnight. After a while the right leg began to be 
affected in the same way as the arm and the attacks sometimes lasted for up to 35 minutes. 
They almost always occurred during the night, although there were, in addition, more 
transient attacks during the day, characterized only by mistiness of the vision of the left 
eye. 

The patient was admitted to St. Mary’s Hospital in April, 1954, and examination at 
that time showed no abnormalities of significance in the central nervous system. A 
left carotid arteriogram revealed an atheromatous lesion almost occluding the origin of 
the internal carotid artery. At operation, performed by Professor Charles Rob, the 
diseased segment of the artery was resected and an end-to-end anastomosis between the 
common and internal carotid arteries was performed. When the patient was interviewed 
34 years later she was leading a normal life and was able to do her own housework, but 
every few weeks she had been having attacks in which the right eye became blind for a few 
minutes, and as vision returned she would see coloured dazzling lights over most of both 
visual fields. No attacks of any other kind occurred and there were no abnormal 
physical signs. 
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Case 2, a man aged 51 years, had started to suffer from attacks of transient blindness of the 
right eye about a year before admission to hospital. These occurred about once a week 
and almost always came on when he was sitting down. The vision would first of all be 
affected in the lower haif of the field but within a matter of seconds the eye would be 
blind. The vision would begin to return in the lower field and the whole episode would 
last for about a minute. 

On examination no abnormal physical signs were elicited in the central nervous system 
apart from an equivocal plantar response on the left side. A right carotid arteriogram 
demonstrated an atheromatous plaque, partially obstructing the bifurcation of the common 
carotid artery and interfering with the blood flow into both the external and internal 
carotid arteries. The middle cerebral artery on this side was filling reasonably well, but 
the anterior cerebral artery was not demonstrated. 

At operation under hypothermia the plaque in the right common carotid was localized, 
but there was also some proximal clotting which appeared to be arising in the area in which 
the artery was punctured for angiography. The artery was opened and the obstruction 
was removed, after which there was a good back-flow from the distal segment. When the 
patient was interviewed a few months later there had been no return of the visual disturb- 
ances and his general health was excellent. 


Case 3, a man aged 62 years, stated that 4 months before he was admitted to hospital he 
had had an attack of blurring of the vision of the right eye. This passed off within a few 
minutes but similar symptoms recurred 2 and 4 days later, and 4 days after that he had an 
attack in which the right eye became completely blind. Subsequently he found he could 
tell the difference between light and dark on the extreme right of the right visual field but 
there had been no further improvement. He did not complain of headaches or of any 
other symptoms of significance. 

Examination showed that the visual acuity of the right eye was reduced to perception of 


light. There were arteriosclerotic changes in both fundi and the right optic disc was 
paler than the left. There were no motor or sensory abnormalities and the reflexes were 
within normal limits. A right carotid arteriogram showed narrowing of the origin of the 
internal carotid artery. 

Professor Charles Rob operated on this artery and removed the obstruction from the 
lumen. The patient made an uneventful recovery and there was no change on examin- 
ation at the time of his discharge from hospital. 


A history was obtained from four patients of a sudden loss of vision in the eye on 
the side of the carotid lesion. This might have improved subsequently but had 
never returned to normal. In only one of these patients was the optic disc of the 
affected eye abnormally pale. Two of them were shown by arteriography to have 
a partial lesion of the internal carotid artery, and in one case this was removed 
successfully, but the other patient was not treated owing to the presence of advanced 
renal failure. In the other two patients there was a complete internal carotid 
artery occlusion and it was not possible to restore the blood-flow in this artery at 


operation. 


Case 4, a man aged 57 years, had suddenly experienced 4 months before admission to 
hospital a sensation of something moving across the back of his left eye, and had then 
found that he could not see out of thiseye. Over the next month or two the vision of this 
eye gradually improved, objects becoming less blurred and brighter. His only other 
symptom of note was a feeling of severe depression. Examination showed arteriosclerotic 
changes in both fundi. Visual acuity was markedly reduced on the left side and the left 
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optic disc was paler than the right. There were no abnormal physical signs in the central 
nervous system. The blood pressure was 200/100. A left carotid arteriogram demons- 
trated marked kinking and narrowing of the origin of the left internal carotid artery. 
At operation Professor Rob was able to reconstitute the lumen of the diseased artery and 
the patient’s recovery from this procedure was uneventful. 


Case 5, a man aged 60 years, had suddenly become confused and disorientated and had 
had difficulty in speaking a year before admission to hospital, and 2 days later a weakness 
of the right side of the body had developed during the night. The vision of the left eye 
was also impaired and had remained so ever since. The weakness of the right arm and 
leg had improved to a certain extent but the patient had taken little interest in life and had 
remained emotionally labile. 

On examination there was a dysphasia which was mainly receptive in type. The visual 
acuity in the left eye was reduced to counting fingers, and the left optic disc was abnormally 
pale. There was a right spastic hemiparesis, and vibration sense was diminished in the 
right arm and leg. A left carotid arteriogram showed a complete block of the internal 
carotid artery at its origin. 

At operation a thrombus of the internal carotid artery was found which had started on a 
localized plaque of atheroma at the bifurcation. It had extended too far up into the skull 
for the circulation to be restored. Two years later there had been some improvement in 
the right hemiplegia but the visual acuity of the left eye had not changed. 


Nine patients showed on examination a homonymous field defect. In five 
instances this was on the right side and in four on the left. Five of these patients 
were aware of a difficulty in seeing to one or other side. In three of them there was 
a partial obstruction of the internal carotid artery on the side opposite to the hemi- 
anopia and this was removed at operation in two cases; the other was not operated 


on because of the occurrence of a coronary thrombosis. The internal carotid 
artery in the remaining six patients was completely blocked on the side opposite to 
the hemianopia and an attempt to reconstitute the artery in four of them failed. 


Case 6, a man aged 50 years, stated that 5 months previously he had suddenly noticed 
that his left hand had become clumsy and weak. He became confused and his memory 
for subsequent events was impaired but apparently a left hemiplegia developed rapidly. 
This subsequently improved, but from the time his memory returned there had been a 
numbness of most of the left side of the body and he was aware that he could not see as 
clearly to the left side as to the right. 

On examination there was a left homonymous hemianopia, a left hemiplegia affecting 
the arm more severely than the leg, and a marked disturbance of sensation throughout the 
whole of the left side of the body. A right carotid arteriogram showed a complete 
occlusion of the internal carotid artery immediately distal to its origin. When this artery 
was explored at operation the thrombus was found to extend to the base of the skull 
so that no reconstruction was possible. The patient was seen again a year later but there 
had been no significant change in his condition. 


Case 7, a man aged 64 years, was dictating letters about 2 weeks before admission to 
hospital, when he noticed that his speech was becoming slurred, that the right side of his 
face had ‘‘dropped”’, and that he was fumbling with his papers with his right hand. He 
recovered after about 20 minutes but felt abnormally tired. The next day he had a similar 
attack, except that on this occasion the right leg became clumsy as well as the arm. 
After this episode the patient began to complain that he could not see clearly to the right 
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side. Similar transient symptoms recurred on several further occasions, and on the day 
before admission to hospital a severe weakness of the whole of the right side of the 
body developed and speech became unintelligible. There was considerable initial im- 
provement in the patient’s condition, but on examination in hospital there was still a 
gross dysphasia which was mainly of an expressive type. Confrontation showed a partial 
right homonymous hemianopia and with emotional movements there was a slight lower 
facial weakness on the right side. Fine movements of the fingers and toes on the right were 
not so rapidly performed as on the left but motor power was well maintained. 

A left carotid arteriogram showed a complete block of the internal carotid artery within 
one centimetre of its origin and it was decided that no form of surgical treatment was pos- 
sible. When the patient was seen 2} years later there had been no further attacks of weak- 


ness. There was still evidence of a minima! right hemiplegia, but there was no disorder of 
speech, apart from a slight difficulty in remembering names, and the visual fields were full. 


Case 8, a man aged 54 years, began to find it difficult to concentrate and to work with 
figures just over 2 months before admission to hospital, A few weeks later he developed 
a speech defect and a weakness of the right side of the face and the right arm. Two 
epileptic attacks occurred soon afterwards. nets 

On examination in hospital the patient was found to have a severe dysphasia which was 
largely expressive intype, He also had a gross disorder of calculation. Onconfrontation 
there was a hemianopia confined to the right lower quadrants. There was a minimal 
weakness of extension of the fingers and the elbow on the right side and the deep reflexes 
were brisker in the right limbs than the left. 

A left carotid arteriogram demonstrated a complete block of the internal carotid artery 
just above its origin. The artery was explored but the thrombus had extended up the 
artery and no back-flow could be obtained. Recovery from this operation was uneventful 
but when the patient was examined 7 months later he had had about six attacks of **blind- 
ness” of the left eye lasting for a minute at a time. The abnormal physical signs were 


however unaltered. 


Abnormalities of the pupils were noted in four patients: 

In one who had a complete block of the right internal carotid artery, which had 
resulted in a right hemiplegia, both the pupils were equal but reacted sluggishly 
to light and accommodation. 

The second had a complete block of the left internal carotid artery and examina- 
tion showed that, in addition to a severe dysphasia and right hemiplegia, the pupils 
were irregular and the left was larger than the right. 

The third patient was found to have a partial occlusion of the right internal 
carotid artery. He had contracted syphilis 25 years previously and this had 
undoubtedly caused the abnormalities of the pupils, which were irregular, unequal, 
and did not react to light. 


The fourth patient’s history will be quoted in full as it is of particular interest. 


Case 9, an unmarried woman, aged 28 years, fell and struck the right side of her neck, 


sustaining a small laceration. At first she noticed nothing apart from a rushing noise in 
the right ear. She walked about 20 yards and then fainted and was unconscious for a 


few minutes. Later in the day she developed a severe right-sided headache and started 
to vomit. Soon afterwards the left side of the body become weak and examination 
also showed a right-sided Horner’s syndrome and some restriction of ocular movements 
on looking to the left and upwards. Consciousness remained impaired for a fortnight 
after this. 





INTERNAL CAROTID ARTERY OCCLUSION 263 


On examination 2 months later the right pupil was smaller than the left with a slight 
ptosis on the right side. The left side of the face did not move as fully as the right. 


There was a profound weakness of the left arm and to a lesser extent of the left leg. The 
deep reflexes were increased on the left side and the left plantar response was extensor. 


There was a subjective impairment of pain sensation over the left arm and leg and joint 
position sense was slightly impaired in the fingers and toes on the left side. 

A right carotid angiogram demonstrated a complete block of the internal carotid artery 
about two centimetres above its origin and at operation it was not possible to re-establish 


the blood flow in this artery. 


This last patient presented a slight unilateral ptosis as part of a Horner’s syndrome. 
One other patient gave a history of drooping of the upper eyelid on the side of an 
internal carotid artery occlusion. This ptosis was first noticed after an attack of 
unconsciousness and cleared up within 2 to 3 weeks. It was no longer apparent 
at the time of his admission to hospital so that, although the history was suggestive, 


it was not possible to say for certain that it was due to a lesion of the third cranial 


nerve. 


Four patients showed evidence of an interference with external ocular move- 
ments: 


A full account has already been given of one of these patients (Case 9), in whom 
for some time after the sudden onset of a left hemiplegia resulting from a traumatic 
thrombosis in the right internal carotid artery, there was a restriction of ocular 
movements on looking to the left and upwards. 

The second patient, who suddenly developed a left hemiplegia after a complete 
thrombosis of the right internal carotid artery, was noted to have an external 
strabismus, but this may have been present before the onset of the hemiplegia and 
have been an unrelated finding. 

The third patient had complained of a gradual onset of weakness of the right 
hand over a period of several months. Then one day he was found unconscious 


and on recovery he had a severe dysphasia and right hemiplegia. There was also 
an obvious defect on looking to the right during this acute stage of the illness. 


Subsequently the carotid arteries were explored on the left side of the neck and the 
internal carotid artery was found to be completely occluded by blood clot. 


The fourth patient’s history is worthwhile quoting in full: 


Case 10, a married woman aged 67 years, had been found lying on the floor the day before 
admission to hospital. On admission she was drowsy and did not respond to questions. 


The right eye was deviated to the right but the pupil reacted to light and accommodation. 
The left eye had been removed many years previously. There was a complete left hemi- 
plegia, and sensation was also impaired over the left side of the body. A left carotid 
arteriogram demonstrated the presence of a thrombus in the internal carotid artery but 
some of the contrast had permeated up the vessel as far as the base of the skull. 
Following this manoeuvre the patient became increasingly comatized and she died on 
the following day. Post mortem the right internal carotid artery was narrowed to a slit 
immediately above the carotid sinus. It admitted a probe of only one millimetre diameter 
at this level, but immediately afterwards opened out to a normal lumen, The narrowing 
was due to pultaceous atheroma and recent thrombosis, and histological examination 
showed that there was also a haemorrhage into the atheroma. The terminal portion of 
the right internal carotid artery and the right middle cerbral artery were occluded by a very 
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recent ante-mortem clot. The whole of the right temporal lobe was extremely soft and 
this softening had extended to the region of the right cerebral peduncle and had involved 
the basal ganglia and the internal capsule on this side. There were also two small haemor- 


rhages in the pons in the region of the oculomotor nuclei. 


A bruit was heard over the eye in two patients: the first of these had given a 
history of transient attacks of blindness and of right-sided weakness. Examin- 
ation of the central nervous system showed no abnormalities of significance but 
a well-marked bruit was audible over the right eye. A left carotid arteriogram 
showed that the internal carotid was thrombosed just above the bifurcation. 

The second patient suddenly developed a gross dysphasia and right hemiplegia. 
After this he became aware of a periodic pulsating noise in the region of the ears 
and a bruit was audible over the right eye which could be obliterated by pressure 
over the left side of the neck. Arteriography demonstrated a complete-thrombosis 


of the left internal carotid artery. 


Discussion 


Permanent blindness of the eye on the side of the internal carotid artery 
lesion will be due either to the thrombosis spreading to involve the ophthal- 
mic artery or to an embolus arising in the lesion in the neck and being swept 
into the ophthalmic artery. When hemianopia persists it can be concluded 
in most cases that there are areas within the distribution of the middle cerebral 
artery that have been deprived of an adequate blood supply. In the cases 
under discussion this may be due to a partial or complete occlusion of the 
internal carotid artery associated with an inadequate collateral circulation, 
or an embolus may have arisen from the carotid artery lesion and blocked 
the trunk or one of the major branches of the middle cerebral artery. 

The aetiology of the transient symptoms in carotid artery occlusion varies 
considerably. There can be no doubt that in a number of cases they are 
due to a temporary failure of collateral circulation. When a partial or com- 
plete occlusion of one or more of the major arteries in the neck has reduced 
the amount of blood reaching the circle of Willis, the supply may still be 
adequate under normal circumstances, but if, for instance, the blood pressure 
is temporarily reduced the resultant cerebral anoxia may be sufficient to 
produce symptoms and signs of impaired function. In one patient in this 
series there was considerable evidence that transient symptoms coincided with 
attacks of paroxysmal tachycardia and another developed brief attacks of dys- 
phasia and right hemiplegia when immersed in a hot bath. Denny-Brown 
(1951) has referred to such episodes as “haemodynamic crises” and they 
may result from causes other than variations in the blood pressure. A 
sudden increase in local circulatory needs would have a similar effect; for 
instance, an accumulation of carbon dioxide in a relatively ischaemic area 
resulting in vasodilation. 
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A sudden increase in the degree of the internal carotid artery obstruction 
may occasionally cause the onset of both transient and permanent symptoms. 
Thrombosis may occur in relation to the atheromatous plaque that is so 
" often situated near the origin of this artery or there may be a haemorrhage 
into the plaque. The subsequent history will depend on the efficiency of the 
collateral blood supply to the tissues supplied by the distal branches of the 
carotid tree. 

Small cerebral emboli are another possible cause of transient symptoms 
in this condition. If the area of infarction was sufficiently small any clinical 
evidence of a cerebral lesion might rapidly disappear, but the stereotyped 
nature of the episodes in most cases suggests that this is not a common 
aetiological factor. There is no definite evidence that spasm of arteries can 
cause such transient symptoms, although such a mechanism cannot be entirely 
excluded and Fisher (1952) favours the theory of spasm of the retinal arteries 
to explain transient monocular blindness, thread-like retinal arteries having 
been seen during such episodes. Hutchinson and Yates (1957) have sug- 
gested that small haemorrhages into the atheromatous plaque, apart from 
increasing the degree of narrowing, may cause spasm of the distal branches of 
the internal carotid artery by reason of the damage to the arterial wall and 
the sympathetic fibres that lie therein. 

Unequal pupils in patients suffering from the effects of internal carotid 
artery thrombosis may be due to a variety of causes. A smaller pupil on the 
side of the occluded artery may be due to a lesion of the sympathetic path- 
ways or it may indicate the presence of a contralateral hemianopia. A larger 
pupil on this side may be caused by a third cranial nerve injury or may suggest 
a severe degree of visual impairment in that eye. 

A possible explanation has been offered for the large pupil on the side of a 
blind eye and on the side of a homonymous hemianopia (Duke-Elder, 1949). 
In cases of monocular blindness it might be thought that, as afferent fibres 
from one retina are linked with the sphincter muscles of both pupils, lack of 
stimulation from one eye would have an equally distributed effect. How- 
ever, there is evidence that the sensitivity to light, form, and colour decreases 
more rapidly towards the temporal than towards the nasal side of the retina 
(Behr, 1913). It follows that the pupillomoter value of the nasal half of the 
retina will be higher than that of the temporal. Behr suggested, from experi- 
mental and pathological observations, that each optic tract was most inti- 
mately related functionally with the contralateral constrictor centre within 
the brain-stem. Since fibres from the nasal half of the only effective retina 
travel up the contralateral optic tract, they will exert their influence on the 
constrictor centre on the’side of the seeing eye. The tone of the sphincter 
muscles of the pupil will therefore be greater on this side. The less effective 
temporal half of the retina of the seeing eye governs the constrictor centre of 
the blind eye and therefore the pupil of this eye will be relatively dilated. 
The same arguments can be applied to explain pupillary inequalities associated 
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with a lesion of the optic tract. If each optic tract is more intimately related 
with the contralateral constrictor centre within the brain-stem, it will mean 
that when the tract is damaged the constrictor tone of the contralateral pupil 
will be relatively diminished. This will result in a dilated pupil on the side 
of the homonymous hemianopia. 

A Horner’s syndrome may occasionally be seen with internal carotid 
artery thrombosis, but this is more likely to occur when the thrombosis is 
secondary to an injury in the neck causing damage to the vessel wall. A 
ptosis on the side of the internal carotid artery thrombosis will more often be 
due to a third cranial nerve lesion which may also result in external ocular 
palsies. This nerve may be damaged when displacement of the intracranial 
contents has occurred as the result of the oedema associated with a large 
cerebral infarct. This displacement may also involve the other oculomotor 
nerves and may cause haemorrhages within the brain-stem which damage their 
nuclei. Thrombosis of the cavernous sinus with involvement of the oculo- 
motor nerves has been observed in association with internal carotid artery 
thrombosis (Walsh, 1957). A large cerebral infarction resulting in a marked 
increase in the intracranial contents may also cause papilloedema (Clarke 
and Harris, 1958), and this may lead to considerable confusion between the 
diagnosis of internal carotid artery thrombosis and cerebral tumour. 

Occasionally, an intracranial bruit may be heard on auscultation over the 
orbits, although in patients with internal carotid artery occlusion it is com- 
moner to hear a bruit when auscultation is carried out directly over the 
artery in the neck. In fact it is probable that, in many of these patients, the 
bruit is caused by the blood passing through a partial stenosis of the internal 
carotid artery, which is usually situated near its origin, and it will only be 
conducted up the distal branches of the artery if it is sufficiently loud. In 
other cases the bruit may be produced by the increased blood-flow through the 
dilated collateral vessels. It is perhaps surprising that such bruits are not 
heard more frequently with internal carotid artery occlusions, when, as 
Mackenzie (1955) has stressed, intracranial bruits, whatever their underlying 
cause may be, are produced by a relative or actual stenosis of an artery, 
the blood flowing from a narrow into a wider lumen. 


Summary 


The various ocular symptoms and signs that may result from a partial or 
complete occlusion of the internal carotid artery are reviewed. The incidence 
of some of these in fifty patients with proven lesions of the internal carotid 
artery is given, with illustrative case histories, and the manner in which these 
symptoms and signs may be produced is discussed. 


I have pleasure in thanking Professor C. G. Rob for permission to use the case records of the 
fifty patients referred to in this paper, all of whom were admitted to St. Mary’s Hospital for 
consideration of the surgical treatment of internal carotid artery thrombosis. 
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SOME EFFECTS OF DECREASED PLASMA SODIUM 
CONCENTRATION ON THE COMPOSITION AND 
TENSION OF THE AQUEOUS HUMOUR* 


BY 


D. F. COLE 
Ophthalmological Research Unit, Institute of Ophthalmology, University of London 


THE relationship between the intra-ocular pressure (I.0.P.) and the osmotic 
concentration of the plasma has been recognized for a considerable time. 
Hertel (1914) and Weekers (1924) observed an increase of I.0.P. after infusion 
of hypotonic solutions, and Hertel (1914) also observed that the total water 
in the contents of the eye increased. Hertel also showed a decrease of I.O.P. 
after infusion of hypertonic solutions, a finding confirmed by later workers. 
These facts made it reasonable to suppose that the I.O.P. and the volume of 
the aqueous humour depended in a simple fashion upon the osmotic gain or 
loss of water by the eye according as the body fluids in its immediate environ- 
ment were hypo- or hyper-tonic. In confirmation of this, the enucleated eye 
was found to behave in a similar fashion (Duke-Elder, 1926; 1932). The 
present-day notion that the aqueous humour is, at least in part, the result 
of an active transfer process occurring in the ciliary membrane has caused 
attention to be directed to the nature of this process and to factors which 
modify it. Nevertheless, the relationship between aqueous formation and 
plasma osmotic activity can also be important in determining the rate of 
flow of aqueous and merits more detailed study. Since the sodium ion, by 
virtue of its high concentration and of its mainly extracellular location, plays 
a major part in the osmotic balance of the body fluids, the present experi- 
ments were designed to investigate the changes in I.O.P. and in the chemical 
composition of the aqueous humour in response to reductions in plasma sodium 
concentration brought about by a variety of different procedures. In some of 
these procedures both the sodium concentration and the osmolarity of the 
plasma were decreased whilst in others the osmolarity was kept constant. 


Methods and Materials 


Animals.—All experiments were performed on adult rabbits of the New Zealand 
White strain weighing between 2 and 3 kg. Before use the animals were fed on 
Diet 18 (Blue Cross Animals Foodstuffs, Associated London Flour Millers Ltd.), 
and allowed free access to water. 

All the experiments, except those in which isotonic glucose was given intraperi- 
toneally, were carried out under general anaesthesia. The anaesthetic used was 
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urethane, given by intravenous injection as a 25 per cent. (w/v) solution in 0-9 
per cent saline at a dose level of 1-75 g./kg. body weight. 


Experiments conducted on anaesthetized animals fall into four groups: 
(i) Intravenous infusion of isotonic mannitol after nephremphraxis; 


(ii) Intravenous infusion of half-isotonic saline-bicarbonate solution afier nephrem- 
phraxis; 

(iii) Intravenous infusion of half-isotonic saline-bicarbonate solution plus intracarotid 
infusion of 2,4: di-nitrophenol (DNP) after nephremphraxis; 


(iv) Nephremphraxis alone. 


The last group served as a control, and the results from these four groups were 
intended to show the changes caused by the various infusions during anaesthesia 
and after nephremphraxis. 

The changes caused by intraperitoneal injection of isotonic glucose were studied 
in unanaesthetized animals. 


(A) The experiments on the four groups of anaesthetized animals had the 
following procedures in common: After inducing anaesthesia, the abdomen was 
opened and both renal pedicles tied, the abdominal wound being closed with clips. 
A cannula connected to a mercury manometer for blood-pressure determination 
was tied in the left femoral artery, and a No. | polythene cannula (O.D. =0-94 mm; 
I.D. =0-74 mm), placed in the right femoral vein. The right femoral artery was 
exposed and cleaned, the more easily to obtain arterial blood samples. 1 per cent. 
amethocaine B.P. was instilled into each eye and the I.0.P. measured with a 
Schiétz tonometer (Dixey, London), using a 5-5 g. weight. When the I.O.P. and 
arterial blood pressure had remained steady for 15 min. after the operation, a 
sample of arterial blood was withdrawn under paraffin oil and samples of posterior 
and anterior chamber aqueous taken from one eye. Posterior chamber aqueous 
was withdrawn into thick-walled capillaries with No. 22 needles sealed into one 
end, as described by Kinsey (1953); anterior chamber fluid was drawn into a |-ml. 
tuberculin syringe with a Luer-lock fitting, under paraffin oil. Providing that 
the I.0.P. in the other eye remained steady for 5 min. the infusion was then started, 
except for animals in the fourth group which received no infusion. 

Once the infusion had commenced, arterial blood pressure and I.0.P. in the 
intact eye were recorded every 15 min. until the experiment ended 3 hours later, 
when samples of aqueous from the intact eye were withdrawn as described above, 
and a final arterial blood sample was obtained. In some cases intermediate 
samples of arterial blood were obtained, and in others the experiment was termina- 
ted in less than 3 hours. 

As soon as the animal had been killed, the eye used in the experiment was connec- 
ted to a saline reservoir by polythene tubing and a No. 15 needle was inserted into 
the anterior chamber along the track of the needle used to collect the aqueous. 
By altering the height of the reservoir above the eye, the Schiétz tonometer was 
calibrated for known values of I.O.P., a stopcock between the eye and the reservoir 
being closed whilst the tonometer readings were taken. 

Animals, other than those in the control group, were also subjected to the follow- 
ing treatments: 
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Mannitol Infusions.—A 5 per cent. (w/v) of mannitol was made up on the morning of 
the experiment and a total of 60 ml./kg. body weight was infused intravenously during a 
period of 5 to 10 min. 


Half-Isotonic Saline Infusions.—A stock solution containing 3-8 per cent. (w/v) sodium 
chloride and 1-01 per cent (w/v) sodium bicarbonate was prepared beforehand; this was 
diluted 1:10 and adjusted to pH 7:4 by addition of 0-1 N hydrochloric acid. The 
solution was placed in a reservoir about 1 metre above the animals in order to give a 
sufficient head of pressure for intravenous infusion. During the first 20 to 30 min. 
the rate of infusion was approximately 4-0 ml./min./kg. body weight, and during the 
remainder of the experimental period the infusion was continued at 0-3 ml./min./kg. 
body weight. (Preliminary tests had shown that these rates of infusion usually caused 
the sodium concentration of the plasma to decrease by 25 to 30 mEq/l. during the first 
half hour, and thereafter to remain reasonably steady for 3 to 4 hours.) 


2,4: Dinitrophenol.—An isotonic solution containing 40 mM/lI. 2,4: dinitrophenol 
(DNP) was infused into the carotid artery on one side through a cannula inserted in the 
lingual artery. A midline incision was made, commencing at the symphysis mentis and 
extending 3 in. caudally, the exposed submaxillary salivary gland being retracted to the 
side. At the caudal (and deeper) end of the exposed region, the lingual artery and hypo- 
glossal nerve were identified near the posterior horn of the hyoid bone and that part of 
the artery which ran forwards ventrally towards the submaxillary gland was dissected 
and cleaned. The vessel was dilated by applying a few drops of 1 per cent amethocaine 
to the region, and a cannula of No. 00 flexible nylon tubing (mean O.D. = 0°72 mM) 
containing heparin solution (1,/000 units/ml.) was inserted and tied in place so that the tip 
of the cannula was about 2 mm. from the posterior horn of the hyoid bone. The cannula, 
which was about 9 in. long, was anchored to the connective tissue near the symphysis mentis, 
and the wound was closed-with clips. The free end of the cannula was connected to a 
No. 22 hypodermic needle which was itself stoppered with a removable spigot until 
such time as it was attached to a motor-driven syringe containing the DNP solution. 
When isotonic saline, instead of DNP solution, was infused through cannulae inserted in 
this manner, no change in I.O.P. or composition of the aqueous humour was observed. 


(B) Unanaesthetized animals given isotonic glucose solution intraperitoneally 
were treated as follows: The rabbit having been placed in a box with only its head 
exposed, 1 per cent. amethocaine was instilled into each eye and the I.O.P. was 
measured with the Schidtz tonometer. The ears of the rabbit were held in the 
operator’s left hand and the head rotated gently until the eye was directed 
upwards; the tonometer was then applied with the right hand. After two 
or three readings had been made in this way the animal seemed to become 
accustomed to the procedure and remained undisturbed during the rest of 
the experiment. Once accustomed to tonometry, the variance between suc- 
cessive 1.0.P. measurements during the control period was not significantly 
greater than in anaesthetized animals. The mean value for I.O.P. was, however, 
significantly higher than in the groups which were anaesthetized (Table I). Once 
steady I.O.P. readings were obtained, blood was withdrawn anaerobically from the 
central artery of the ear which could be identified by transillumination. Aqueous 
humour was obtained from the posterior and anterior chambers, as described 
above, and, care having been taken to use new or freshly sharpened needles 
in the capillary and syringe, the rabbits did not seem to be discomforted. 
The I.0.P. of the intact eye remaining unaltered after obtaining the aqueous 
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from the control eye, a small “‘bleb” of Nupercaine was raised on the anterior 
abdominal wall and a No. 0 serum needle was inserted into the peritoneal cavity 
through the anaesthetized area. The shank of the needle was connected 
by “Portex” tubing to a 50-ml. syringe, and the rabbit was replaced in its box. 
Using a three-way tap and reservoir to refill the syringe, 5 per cent. (w/v) glucose 
solution at 37°C. was injected at 100 ml./kg. body weight (Darrow and Yannet, 
1935) over a period of about 5 minutes, after which the intraperitoneal needle was 
withdrawn. There were no signs of discomfort but a condition of extracellular 
dehydration resembling surgical shock often developed after 2 or 3 hours, as 
described by Darrow and Yannet (1935). The I.O.P. of the intact eye was esti- 
mated every 15 to 30 min. during the next 6 hours, after which a final blood sample 
was obtained and the posterior and anterior chamber fluid removed from the in- 
tact eye. In most cases blood samples were also taken at different times after the 
intraperitoneal injection. The tonometer readings were calibrated against 
known values of I.0.P., as described above, after the animal had been killed. 


Chemical Methods.—Blood was centrifuged under paraffin oil as soon as possible 
after collection, and anterior chamber aqueous was transferred to a small specimen 
tube under paraffin. Sufficient plasma or aqueous for estimation of pH and bi- 
carbonate (about 150 wl. if available) was then removed into a capillary tube con- 
nected to a syringe filled with mercury in such a way that the sample was contained 
in the middle section of the tube between droplets of mercury. Such samples 
could be stored for several days at 3°C. without change of CO, content. 

Total CO, was estimated by the micromanometric method of Natelson (1951). 
When possible, two estimations using 25 pl. fluid were made, but in some cases 
duplicate samples of 15 ul. were used. Standard curves for each series of estima- 
tions relating partial pressure of evolved gas and total CO, content were obtained 
by analysing standard solutions of sodium carbonate. Bicarbonate was calculated 
from total CO, using the conversion tables of Milch, Bane, and Roberts (1957), 
which assume pK of carbonic acid = 6-10. 

pH was determined with a glass capillary electrode, as described by Joels and 
MacNaughton (1957), connected to a Cambridge pH meter. 

Chloride was estimated by titration with 0-1 N silver nitrate, the end-point being 
determined potentiometrically with a silver/silver chloride electrode and an electro- 
nic millivoltmeter. 0-1 ml. of a 10 per cent. (w/v) solution of sodium nitrate in 
1 N nitric acid was placed in the titration vessel and 10 yl. plasma or aqueous added 
from a constriction pipette. This solution, into which dipped the silver/silver 
chloride electrode, was connected to a calomel half-cell by a bridge of sodium 
nitrate solution. Silver nitrate was added from an “‘Agla” microsyringe, and the 
potential was plotted against the volume of silver nitrate added. The end-point 
was taken as being the steepest point on this curve. 

Sodium was estimated with an ‘“‘EEL” flame photometer, 20 yl. fluid being 
added to 5 ml. water. This was the only substance estimated in the posterior 
chamber fluid, the sample being expelled from the capillary used to collect it into 
a small glass cup from which it was drawn into a 20-yl. constriction pipette. The 
same constriction pipette was used throughout any one series of estimations and 
was washed and dried after each measurement. It was also used to dilute standard 
solutions of 0-15 N and 0-10 N sodium chloride with 5 ml. water. 
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Mannitol was estimated by the method of Hamburger, Ryckewaert, Duizerd, 
and Argant (1948) and, since the final concentrations were high (about 1-0 g. per 
cent. in plasma), only 50 yl. plasma or aqueous were needed. The blank values 
found for the first plasma sample and the aqueous from the control eye before any 
mannitol had been given were subtracted from the values found in the final plasma 
and aqueous samples. 

Glucose was estimated by the method of Somogyi (1945a,b) using 20 pl. plasma 
or aqueous. 

Plasma protein concentration was estimated in some experiments using the 
specific gravity method of Phillips, van Slyke, Dole, Emerson, Hamilton, and 
Archibald (1945). Sunderman and Boerner (1949) give the relation between 


TABLE 


SOLUTE CONCENTRATIONS IN PLASMA WATER AND AQUEOUS HUMOUR, AND 
Except for the pH values, in each case, the mean 





Control 





| 
Unanaesthe- | Anaesthetized 


tized 





Sodium 


(mEq/I.) 


Anterior Chamber, ca 


Posterior Chamber, Ch a 


Plasma Water, cp 
_& 
Tap = 


153-1+44-4 
158-9+1:2 
163:3+1:2 


0-965 +0-03 
0-972 +0-05 


156-8 +1-0 
158°441:2 
162:8+1:4 


0-972 +0-02 


C-974 +0-04 





Chloride 
(mEq/I.) 


Anterior Chamber, Ca 
Plasma Water, Cp 
_&a 
Tap = 
Cp 





105:7 +1'3 
106-5 +1-5 


0-995 + 0-03 





106°5 +1°5 
106-5 +1:7 
1:002 +0-02 





Bicarbonate 


(mEq/l.) 


ae 
bev. 


Anterior Chamber, Ca 
Plasma Water Cp 
Ca 


Cp 


30:9+0:7 
26-4+0-7 
1:20+0-07 


32:8 +0°8 
28:3 +09 
1:21 +0-07 





pCO, 


Anterior camer 


Plasma 


36:0+0°8 
36:5+0-9 


40°4+12 
41-9410 





pH 


Anterior Chamber 
) Plasma : 


7°55 
7-48 


7°53 
7-45 





Mannitol 
(mM/I.) 


| Anterior Chamber, ca 
sey Water, Cp 


r, 
— = 





Glucose 


(mM/I.) 


Ca 
Tap =— 
| 


Anterior Chamber, Ca 
Plasma Water, cp 


cp 


5:00 +1+1 
5-50 41-7 


0-91 +0-08 


8-01 +1:7 
9-23 41-9 


0:86 +0-07 





Intra-ocular Pressure (mm. Hg) 


26-0 40-7 | 


23-7+40:7 
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plasma specific gravity (p) and plasma water (W) as; W =4,225-6—3,225-6 p, where 
p=g. per ml. plasma and W=g. water/kg. 


Results 


On most of the samples of plasma and aqueous it was possible to carry 
out all the electrolyte estimations described above, and in most cases duplicate 
values were obtained. In some cases where mannitol was estimated there was 
only sufficient fluid for determination of sodium. However, each value in the 
Tables represents a mean derived from at least ten animals. The absolute 
values for the concentrations in the plasma and aqueous are shown in Table I. 


I 
INTRA-OCULAR PRESSURE, FROM CONTROL AND EXPERIMENTAL GROUPS 


and its standard error are shown 





Ligation of 
Renal Vessels 


Isotonic 
Mannitol 


Intraperitoneal 


Glucose 


Hypotonic Saline Infusion 





60 min. 180 min. 


| +DNP 





157-0+1:2 
158-04. 1-2 
165:0+1-3 


0:968 + 0-04 


0-959 + 0-03 





153-142:4 
151-443-3 
135-0+4:1 


1-141 + 0-05 


1-121 +0-04 





141-7+1-8 
142-5+1-5 
139:0+2°8 


1-022 + 0-03 


1-025 +0-03 








138-4+29 
146-4 43-7 
138-6 43-7 


1-002 + 0-03 


1-058 +0-04 


143-4 +3°] 
143-2+3-0 
132-9+4:2 


1-081 + 0-03 


1-078 + 0-04 





136-7 +4-7 
133-94+2-3 
125-4449 


1-093 +0-05 


1-067 +.0-05 





108-1 + 1-3 
109-5 +1°8 
0-989 + 0-04 


109-6 +4-3 
85:30+5:0 
1-284 +0-06 


97-40 44-7 
90:30+4-2 
1-078 +0-05 


90-00 + 3-7 
80:70+4-4 
1-123 +0-08 


88-3 45-6 
79:345:1 
1-115 +0-08 


93-643-4 
79:746°9 
1-174 40-10 





28-141°4 
24:34+1°5 
1:21 +0-07 


32°641:2 
24:8 +1°5 
1-44 + 0-09 





27:9+1°5 
20:941-4 
1-39 40-08 


27-2420 
26:0+1°8 
1-38+0-11 





28-0+1-8 
19°6+2°5 
1-45 +0-09 


23-9 41-1 
16-9409 
1-50 +0-09 





42°541-4 
42:342:1 


47-5 42:3 
45:642:1 


42-3422 
42:442°5 


45-541-8 
44:8+1-7 





7-49 
7:39 


7-40 
7:30 


7:43 
7-41 


7°35 





8-69+2:1 
65-9144-1 


0:145 +004 


| 


| 





13:10+2°5 
14-2442-8 


0:92 +0-09 


6:10+2:3 
10-32+4-7 


0:59 +009 


5:13+1:1 
13-51+4-9 


0:38 +0-10 


5:20+1:3 
12-41 +3-2 
0°42 +0-09 





23-5407 | 20:541°4 29:9+40°8 


26:2 +0°6 


25:9+0°4 17-2407 
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TABLE 

CHANGES RESULTING FROM INFUSION OF MANNITOL, 
OF HYPOTONIC SALINE, AND 

In each case the mean change and 





Mannitol Infusion nl 


Glucose 





Anterior Chamber, 4ca 
Posterior Chamber, 4cn 
Plasma Water, dcp 
Afap oe 


4rnp oe 


+0-38 41-2 
-2-842:3 
OK 

~ 38:21 +3°8 
£6-216 40-03 


**K 
+0-180 +0-05 


ae 
—15-831-8 
*“* 
“9-24.26 
35-4459 
+0-066 +0-06 


* 
+0-087 +0-04 





Chloride 


Anterior Chamber, 4ca 
Plasma Water, 4cp.. 


Arap oe 


—4-9 44-8 
** 
—29-143°7 
+£0-282 40-05 


*% 
— 16-8 +3-3 
as 
~ 26-6 +4-6 
£0-171 +004 





Bicarbonate 


Anterior Chamber, 4ca 
Plasma Water, 4cp.. 


Arap oe 


-0:77411 
~3-542-1 


** 
+0-242 +0-05 


-40414 
*7-341-4 


** 
+0-227 +0-05 








41.0.P. 


A1.0.P. after DNP 


*k 
—3-:740°8 


ak 
+3-5+40-7 





Values differing significantly from zero are indicated by asterisks; thus 


As there is considerable variation in the control value between one 
animal and another, a more satisfactory picture is obtained from the 
changes which occurred in individual animals as a result of the experimental 
procedures. The mean values of these changes are shown in Tables II and III. 

Table [V (overleaf) gives values for the sum of the concentration differences 
of sodium, chloride, and bicarbonate between aqueous and plasma water 
compared with the concentration difference of glucose or mannitol. 

Table V (overleaf) shows correlation coefficients between blood pressure 
and I.0.P. in each group and the regression coefficient of I.0.P. upon 
blood pressure. Only in the animals given isotonic mannitol is there a 
significant correlation. The mean changes in J.0.P. at 15-minute intervals 
(in some cases calculated by interpolation) are shown in Figs 1 to 4, where 
each vertical line represents twice the standard error of the mean at that par- 
ticular point. 

When describing and discussing the aqueous humour dynamics, it was found 
convenient to adopt the symbols suggested by Duke-Elder and Maurice (1957). 
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Il 
INTRAPERITONEAL INJECTION OF GLUCOSE, INFUSION 
ADMINISTRATION OF DNP 


its standard error are given 





Hypotonic Saline Infusion Lisation.of Renst 


| Vessels 





60 min. +DNP 





** 
~ 96-2 43-5 
**% 
- 23-6445 
~36-945-9 
+0-044 + 0-02 


+0042 +003 


ek 
-16:141-9 
+e* 
-17-542-4 
~ 38-7448 
ak 
+0-125 +0-03 


+0-060 + 0:04 


** 
_1$.8 42-4 
~ 34-7435 
~31-145-6 
** 
+0-165 +0-03 
+£0:119 40-05 


+0-25+1:1 

-0:3741'5 

+2-2141°7 
— 0-009 + 0-02 
- 0-012 0-03 





* 
- 13-8346 
** 
-24:044:7 
+0-110 +0-07 


oe 13.945-6 
** 
- 22-4418 
+0-080 + 0-06 


** 
-$:442:3 
ee 
-22:0+6°5 
+6°264 40-05 





+1:74355 
+30427 
—0-010 + 0-08 





-0-70+1°3 
* 
—2-6:10°9 


+6-200 0-07 


=*3-641:3 
ask 
—7-541-0 


+6-259 +.0-09 


) 


+ 

-6:6+0°9 
*% 

—7-6+40-6 


+0:289 +0-10 


** 

-40+0°9 
*% 

—3-7+40-8 


- 0-012 +0:70 





#* 
+4:740°8 


-0:2+0°5 


| 
* 
+$:140-4 | 
} OE 

a | — -98+08 —_ 
the range, 0:05>P>0-01 is shown by * and the range 0:01 > P by **. 





TABLE II 


CHANGES IN pH AND pCO, CAUSED BY INFUSION OF MANNITOL, INTRAPERI- 
TONEAL INJECTION OF GLUCOSE, INFUSION OF HYPOTONIC SALINE, AND 


ADMINISTRATION OF DNP 


Except for the pH values, the mean change and its standard error are given 





T T 


Isotonic 
Mannitol 


Glucose 


Hypotonic Saline Infusion 


| 60min. | 180 min. | +DNP 


Ligation 
of Renal 


Vessels 


Intraperi- 
toneal 








-0-10 
—0-15 


-0-12 
-0-16 


-0:17 
—0-24 


-0-10 
—0-08 


-0-01 
—0-06 


pH Chamber. . 


Anterior 
Plasma 


on | 


— 0-04 





Anterior 


pCO.) Chamber.. } 041-7 | $9-441-9) +1-7413) +3-021-6) £92421 | +3-221-6 


*% *% 
Plasma +1-0+0-8| +8-7+42-1| +0-5+0-7| +3-4+41-5| +10-3+42-5) +2-141-4 





Values differing significantly from zero are indicated by asterisks; the range 0-05 > P>0-01 is 
shown by *, and the range 0:01 > P by ** 
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TABLE IV 


COMPARISON OF ELECTROLYTE AND GLUCOSE OR MANNITOL CONCENTRA- 
TION DIFFERENCES BETWEEN AQUEOUS AND PLASMA WATER 


The figures represent the mean values and their standard errors 





Sum of Concentration 
Differences of Na, Cl, and 
HCO; between Aqueous 


Concentration Difference 
of Glucose (or Mannitol) 
between Plasma Water 


and Aqueous 
(Cp - Ca) 


+0°5 +0-3 
+0°8+0-4 
+1:5+0-7 
+54:945:9 
+2:-441:7 
+7:24+3-°8 
+10-9+4-9 
+10:7+5-4 


and Plasma Water 
(Ca — Cp) 


-1:7+1°0 
-1-541:1 
-2:641°9 
+53-8+5°5 
+7-4+1-4 
+8:8+44-9 
+10-5+5°8 
+12:247-7 





Unanaesthetized 


Anaesthetized 








Renal Vessels Ligated 





Mannitol Infusion . . 





Intraperitoneal Glucose 





60 min. 
180 min. 
+DNP 





Hyptonic Saline 
Infusion 

















TABLE V 
RELATIONSHIP BETWEEN ARTERIAL BLOOD PRESSURE (x) AND I.0.P. (y) 
Both the correlation coefficient (r) and the regression of y upon x, (by.x) are given 


In the second series (mannitol infusions) the mean fall of 29-2 mm. Hg in the blood pressure is 
known and the corresponding fall in intra-ocular pressure is estimated from 4y =b.4x 





Ay (where r is 


Series by.x significant only) 
(mm. Hg) 





+0-021 +0-08 
+0-093 +0-031* 
+0-03 +0-02 
+0-034 +0-041 
+0-069 + 0-036 
+0-057 + 0-167 


+0-044 | 
+0-353* | 
+0-171 

+0-152 
+0235 
+0-068 





Control .. 





Mannitol Infusion ~2:-72 +0-7** 





Intraperitoneal Glucose 





60 min. 





Hypotonic Saline 
Infusion 


180 min. 





+DNP 

















Values differing significantly from zero are indicated by asterisks; the range 0-05 > P>0-01 is 
shown by * and the range 0-01 >P by **. 


Intra-Ocular Pressure.—Except in the animals given mannitol, the decrease 
in sodium and chloride concentration in the plasma was associated with a 
rise in I.O.P. Mannitol caused a fall in arterial blood pressure which showed 
a significant correlation with the I.0.P., and this relationship can account for 
about half the observed fall in I.0.P. (Fig. 1, opposite). Although in the 
other groups considerable changes in blood pressure were observed, they 
were not significantly correlated with the I.O.P. changes. 
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Fic. 1.—Changes in intra-ocular pressure after intravenous infusion of isotonic mannitol com- 
mencing at t=0. Continuous curve connects all points representing the mean of the differences 
between the I.0.P. at each 15 or 30-min. time-interval and the I.0.P. at t=0. Vertical lines 
tepresent +2 x the standard error of the mean. 


When the plasma sodium concentration decreased rapidly after infusion 
of hypotonic saline, the J.O.P. started to rise within 15 min. and the increase 
persisted for more than 3 hours (Fig. 2). 
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Fic. 2.—Changes in intra-ocular pressure after intravenous infusion of half-isotonic saline 
(4-0 ml./min./kg. body wt) commencing at t =0. 
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When the plasma sodium concentration decreased more slowly, after 
intraperitoneal injection of glucose, the increase in I.0.P. was correspondingly 
slower (Fig. 3). 
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Fic. 3.—Changes in intra-ocular pressure after intraperitoneal injection of isotonic glucose given 
at t=0. Continuous curve connects all points representing the mean of the differences between 


the I.0.P. at each 30 or 60-min. time-interval and the I.O.P. at t=0. 
Vertical lines represent +2 x the standard error of the mean. 


The raised I.0.P. caused by hypotonic infusion decreased very markedly 
after intracarotid infusion of DNP, the final I.O.P. in these experiments 
being less than at the outset (Fig. 4, opposite). 


Electrolytes.—The plasma sodium and chloride concentrations decreased 
to about the same extent in the mannitol, glucose, and hypotonic saline 
groups (Tables I and II), the concentration of each ion falling by about 
25 to 30 per cent. As might be expected, there was a rapid initial fall after 
intravenous infusions of either mannitol or hypotonic saline (Fig. 5, over- 
leaf), and a much slower rate of fall after intraperitoneal glucose. In the 
aqueous however, the concentrations of sodium and chloride did not change 
significantly after mannitol infusion, although both decreased very markedly 
in the other experimental groups (Table II). The reduction of concentration 
in the aqueous was less than in the plasma, but the animals were usually 
hyperglycaemic, either because of the intraperitoneal glucose injection, or 
because of the stress entailed by the operative procedures, and the excess of 
glucose in the plasma as compared with the aqueous was of approximately 
the same order of magnitude as the excess electrolyte concentration in the 
aqueous as compared with the plasma (Table IV). 

The plasma pCO, was increased during anaesthesia, and nephremphraxis 
caused a further increase which was accompanied by a fall in plasma pH 
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Fic. 4.—Changes in intra-ocular pressure after intravenous infusion of half-isotonic saline 
(4-0 ml./min./kg. body wt) commencing at t =0 succeeded by intracarotid infusion of DNP at 
0-11 mg./min. commencing at t =0’. 

Continuous curves connect all points representing the mean of the differences between the 
1.0.P. at each.time-interval and the I.0.P. at t =0. 

Broken line represents the period between t =90 and t’ =0. 

Vertical lines represent +2 x the standard error of the mean. 


and bicarbonate. Similar changes were found in the aqueous (Tables I and 
Il), in agreement with the observations of Langham and Lee (1957), who 
estimated CO, and pH in whole blood and aqueous. When comparing the 
group means, as in Table I, rabbits after nephremphraxis are to be compared 
with the mannitol and hypotonic saline groups, and the unanaesthetized 
animals with the intraperitoneal glucose group. 

Turning now to the changes during the infusion or injection, there was 
nearly always a fall in plasma pH and bicarbonate, although a significant 
rise in pCO, was observed only in the glucose group and the group given 
DNP (Table III). The pH and bicarbonate concentration of the aqueous 
always exceeded the plasma concentrations and in most animals the ratio: 


nnn ee (c,/cp) (Table II), tended to increase during the 
plasma concentration 
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Fic. 5.—Sodium concentrations in plasma water (mEq/I.) after intravenous infusion of half- 
isotonic saline at t =0. 

Continuous curve connects all points representing the mean value of the sodium concentration 
at each time interval. 

Vertical lines represent +2 x the standard error of the mean. 


experiment. Bicarbonate concentration and pH of the aqueous decreased 
significantly only in the glucose and DNP groups (Table III), but.even here 


an excess of bicarbonate in the aqueous was maintained in the face of a 
fall in the plasma concentration (Table I). pCO,, on the other hand, did 
not differ significantly between plasma and aqueous. 


Glucose Mannitol.—The renal vessels having been tied, the mannitol 
concentration in the plasma remained almost unaltered after the first 15 min., 
but as it entered the aqueous slowly, after 3 hours the ratio c,/c, was equal 
to 0:145+0-04 (Table I). Rosner and Bellows (1939) showed that sorbitol 
penetrated slowly, and it is reasonable to suppose that mannitol behaves 
similarly. A few values for c,/c, for intervals other than 3 hours were 
obtained, and an estimated steady-state ratio (Rap) of 0-294+0-04 with 
k, =0-0045+0-001 min.—! gave values for c, which agreed reasonably well 
with those observed values (Fig. 6, opposite). Assuming that the plasma 
concentration of mannitol remained constant, these figures were used to 
calculate the concentration differences (c,—c,) at different times during the 
experiment (Fig. 7, overleaf). The calculated value after 3 hours is 54-60 
mM/I., in good agreement with the mean experimental value of 54:92+5-9 
mM/I. 

When glucose was given intraperitoneally, the plasma concentration rose 
to a mean value of 19-5 mM/I. after 30 min. and decreased steadily to 14-24 
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Fig. 6.—Change in = for mannitol after intravenous infusion of isotonic solution at t =0. 


Open circles represent empirical findings. 
Solid line represents values calculated by assuming the steady state value of Rap to be 0-294 


and ka =0-0045 min.~!, where “ —Rap{e-Kt—1 } 
Pp 


Broken lines represent similar values calculated by assuming ka =0-0065 min.~! (upper line) 
and kg =0-0025 min.~! (/ower line). 


mM/1. after 54 hours (Fig. 8, overleaf), the final concentration in the aqueous 
being 13-10 mM/l. Assuming k,=k,= 0-0155 min.-! (Davson, 1955), 
approximate values for (c,-c,) after various time intervals were estimated by 
graphical integration (Fig. 8). The calculated concentration differences 
decrease rapidly during the first 3 hours, and the final value is 2-0 mM/L., 
compared with the observed mean value of 2-4+1-7 mM/I. 


Discussion 

It is commonly accepted that the continuous production of the aqueous 
humour is in part due to the active transport of material from the capillaries 
to the posterior chamber across the ciliary membrane. Friedenwald (1944, 
1955) and Kinsey (1950) supposed that bicarbonate was secreted into the 
posterior chamber; others (Barany, 1947; Davson, 1955; Davson and Luck, 
1956), supposed sodium to be actively transported, or that anion accumula- 
tion in the posterior chamber might be the primary process (Davson and Luck, 
1957). Whatever solutes are transported, the rate of exchange of water 
(k’,), having a value estimated at 0-130 to 0-190 min.~! (Kinsey, Grant, and 
Cogan, 1942) or 0-102 min.~—! (Friedman, Newell, LeRoy, and Okita, 1957), 
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Fic. 7.—Open circles represent experimental values for concentrations of mannitol in plasma water 
after infusion of an isotonic solution; lower curve represents values of cp — ca calculated by assum- 


ing Cp to remain constant after t = 30. 
Vertical lines at t=180 represent +2 x the standard error of the concentration in plasma water 


(upper line) and Cp — Ca (lower line). 


is considerably greater than the rate of entry of any of the ions which are 
supposedly secreted into the posterior chamber. Rates of entry of solutes 
from the posterior into the anterior chamber are derived indirectly from 
knowledge of the rate of water flow (k’;) from posterior to anterior chamber, 
and the concentration of solute in the posterior chamber (c,). The value for 
k’; given by Kinsey and Palm (1955) is0-017 min.—!, and from the results for the 
concentration of sodium and chloride in the posterior and anterior chambers of 
the rabbit eye given by Kinsey (1953), it may be calculated that for sodium 
Ka ha=0°017 min.—!, and for chloride k, ,,=0-0162 min.—!. Davson (1955) 
obtained a value for k’; of 0-008 min.~!, from which correspondingly lower 
values of k,, for sodium and chloride would result. The total exchange 
rates also include the exchange between plasma and anterior chamber 
across the iris, and Kinsey and Palm (1955) give values of k, », for sodium 
and chloride as 0:0125 min.-! and 0-0130 min.—! respectively. Since 
ka=ka ip +wa=Ka.pat+kKana, the values of k, for sodium and chloride, on 
the basis of these figures, would be 0:0292 and 0:0295 min.~! respectively, 
considerably less than the value for water. 

Because of this more rapid rate of penetration of water, it follows that, 
when the osmotic concentration of the plasma is reduced compared with that 
of the intra-ocular fluids, water will enter the eye more rapidly until a fresh 
osmotic equilibrium is established, a possibility recently envisaged by Levene 
(1958). Because the diffusion constants of the solutes are less than that of 
water, the entry of water will be more important than the loss of solute in 
attaining the new equilibrium. A further consequence of the high exchange 


rat 
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Fic. 8.—Open circles represent experimental values for plasma glucose concentration after in- 


fusion of isotonic solution. 
Solid circles represent individual values for concentration in aqueous humour. Upper 


curve fitted by eye; lower curve represents Cp - Ca calculated from changes in Cp, assuming 


0-:0155 min.~!. 
Vertical lines represent +2 x the standard error of the mean at various time-iatervals for the 


plasma concentration, and at t =360 for Cp —- Ca determined experimentally. 


rate of water is that, where a solute is actively secreted into the posterior 
chamber, water may enter sufficiently rapidly to ensure that the osmotic con- 
centration of the aqueous is little, if indeed at all, greater than that of the 
plasma. The actual rate of entry of fluid, insofar as it is caused by secretion 
of a solute, will depend on the rate of solute transport into the eye aixd on the 


Osmotic concentration of the plasma. 

If the further assumption is made that the rate of transport of the solute 
into the posterior chamber (So) is independent of its concentration in the 
plasma, it is possible to give a general explanation of the present experimental 
findings. After the infusion of hypotonic saline, the osmotic concentration 
of the plasma is reduced, water enters the eye at an increased rate, and the 
concentration of sodium and chloride in the aqueous falls. After intra- 
peritoneal injection of glucose, the sodium concentration of the plasma also 
falls, and, as glucose enters the aqueous, the increased concentration of this 
substance in the plasma does not effectively restrict the nett entry of water. 
Hence, as in the hypotonic infusions, more water (accompanied in this case 
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by glucose) enters the eye, and, as before, the sodium and chloride concentra- 
tions of the aqueous decrease. When, on the other hand, the concentration 
of sodium in the plasma is reduced by infusion of isotonic mannitol, the 
mannitol enters the aqueous very much more slowly than the glucose, and the 
difference in concentration between plasma and aqueous which is due to the 
mannito) suffices to prevent an increase in the nett rate of entry of water. 
In accordance with this view there is a rise in [.0.P., indicating increased 
entry of water, and a fall in electrolyte concentrations only in those animals 
given hypotonic infusions or intraperitoneal glucose; whereas, in those given 
isotonic mannitol], there is neither a rise in 1.0.P. nor a decrease in electro- 
lyte concentrations. It is noteworthy that in all the groups the sum of the 
values of (c,-C,) for sodium,. chloride, and bicarbonate, representing the 
osmotic forces tending to draw water into the eye, is approximately balanced 
by the excess of glucose or mannitol in the plasma (c,-C,) as shown in Table 
1V. Thus, although the solute distributions may have not reached a steady 
state, it appears that approximate osmotic equilibrium has been achieved 
by the rapid movement of water. This explanation is supported by the 
finding that, after infusion of hypotonic saline, which caused a rapid reduction 
of the sodium and chloride concentrations of the plasma (Fig. 5), the major 
increase in [.0.P. occurred during the first half hour, and the decrease in 
sodium and chloride concentrations in the aqueous was not greater after 3 
hours than after the first hour (Table II). 

If the hypothesis which has been suggested is substantially correct, the 
aqueous will be approximately in osmotic equilibrium with plasma, but at 
any given osmotic concentration of the plasma the rate of formation of 
aqueous in the equilibrium state will depend upon the rate of transport of 
solute across the ciliary epithelium into the posterior chamber. Further- 
more, if water can penetrate into the eye more rapidly than any of the trans- 
ported solutes, alterations in the rate of solute transport will cause changes 
in the nett rate of entry of fluid, rather than changes in the concentration 
of solutes in the aqueous. This is confirmed by comparing the results of the 
hypotonic infusions alone with the results of infusing DNP 90 min. after 
starting the infusion of hypotonic saline. By this time the I.O.P. has increased 
to a stable value which, in the absence of further treatment, persists for at 
least 90 min. (Fig. 2), and the major decrease in sodium and chloride con- 
centrations in both aqueous and plasma has already occurred (Table II; 
Fig. 5). The stability of the I.O.P. indicates an increased rate of aqueous 
formation which persists after the initial stages of equilibrium of the eye with 
reduced solute concentration of the plasma. After 3 hours there is no signifi- 
cant difference between the posterior and anterior chambers and no indication 
of a nett influx of water from the iris vessels; but because the I.0.P. remains 
high it is inferred that the total rate of formation of aqueous remains high 
also, because of an increased rate of production of fluid in the posterior 
chamber. This in turn is explained in the present hypothesis on the assump- 
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tion that solutes are transported into the posterior chamber at a constant 
rate throughout the whole experiment, but that, when the osmotic concentra- 
tion of the plasma is reduced, more water is free to diffuse across the ciliary 
epithelium. Consequently, the posterior chamber as a whole will produce a 
more dilute fluid at an increased rate, even in the steady state. 

It is unlikely that an equilibrium condition was reached in any of these 
experiments, as the exchange rates of sodium in the vitreous and other tissues 
surrounding the aqueous are slower than those between aqueous and plasma 
(Kinsey and Palm, 1955; Maurice, 1957). An hour after starting the hypo- 
tonic infusions, there was evidence of a considerable nett gain of water, or loss 
of sodium, by the anterior chamber, c, being 8-0+2-02 mEq/l. less than c,. 
On the assumption that a solute is transported into the posterior chamber 
at a constant rate (Ge) and leaves it at the same rate (Shree 
and that the initial value of k’; was 0-017 min.—!, the decrease in c, necessi- 
lates an increased rate of flow from the posterior chamber in order that 
na remain unaltered. According to the figures in Tables I and II, the 
value of k’, after 60 min. would be 0-0183 min.-!. However, if it is accepted 
that for water k, =0-130 min.~!, then the exchange rate for water across 
the iris (k’, pa) remains greater than 0-100 min.-!. For sodium and chloride, 
on the other hand, k, ,. is unlikely to exceed 0-013 min.~! (Kinsey and Palm, 
1955), and it therefore seems most likely that, there being a decrease in plasma 
osmolarity, the low value of c, is due to nett entry of water which occurs 
much more rapidly than nett sodium loss. If the nett sodium loss is negli- 
gible, then k’,c,=k’;c,; and k’,=0-0194 min.—!, or 5-82 ul./min. in an eye 
having an aqueous volume of 300 yl. (ef Maurice, 1957). This would repre- 
sent a nett entrance of 0-33 pl./min. into the anterior chamber by iris diffusion, 
and an increase in flow from the posterior chamber from 5-1 to 5-49 yl./ 
min. According to this method of estimating k’;, after 3 hours’ infusion of 
hypotonic saline or after intraperitoneal glucose, the flow would have in- 
creased by about 10 per cent., which would not be attributable to iris diffusion, 
but rather to increased rate of formation in the posterior chamber. 

2, 4: dinitrophenol (DNP) is known to depress the activity of a number of 
tissues which normally transport sodium ion (Na’) actively against an electro- 
chemical gradient. DNP inhibits Na’ transport in frog skin (Fuhrman, 
1952; Schoffeniels, 1955) and in frog renal tubules (Hoshiko, Swanson and 
Visscher, 1956) and potassium accumulation and sodium extrusion in chicken 
erythrocytes (Maizels, 1954) and mammalian kidney slices (Mudge, 1951); 
it was used in the present experiments in an attempt to cause inhibition of 
electrolyte transport across the ciliary membrane. DNP was infused into 
the lingual artery at a rate of 0-11 mg./min. which, assuming the carotid 
blood flow to be about 3 ml./min. (calculated from the data of Winter- 
stein, 1935), would yield a plasma concentration of DNP of 0-2-0-3 mM/I. 
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There was a marked fall in 1.0.P., commencing as soon as the infusion was 
started (Fig. 4), the final I.0.P. being significantly less than the value at the 
start of the experiments. The sodium, chloride, and bicarbonate concentra- 
tions in the anterior aqueous after DNP did not differ from those seen in 
animals after hypotonic saline infusion alone, and the low value (133-9+2:3 
mEq/l.) in the posterior chamber was probably due to the fact that the final 
concentration of sodium in the plasma water was lower in this group than 
in the others (Table I). The ratio c,/c, for anterior and posterior chamber 
aqueous did not differ from those found in animals given hypotonic saline 
only. This dose level of DNP can be said to have caused a severe fall in 
1.0.P. with no apparent alteration in the electrolyte concentrations in the 
aqueous; this is in agreement with the hypothesis that the inhibition of ion 
transport causes a decreased rate of entry of water into the posterior chamber 
rather than a change in composition of the aqueous. 

These findings do not indicate what particular transport process is inacti- 
vated by DNP, any system directly or indirectly dependent upon oxidative 
phosphorylation being subject to inhibition. The effects of DNP are 
probably similar to the results described by Ballintine and Peters (1954); 
Ballintine and Weitzman (1956), who produced a reduction in I.0.P. by 
inhibition of oxidative phosphorylation with cyanine and styryl-quinoline 
dyes, have demonstrated oxidative phosphorylation in the ciliary processes 
of the rabbit in vitro. 

These experiments show the importance of an active transport system 
and of osmotic diffusion of water in maintaining the I.0.P., and they suggest 
that active transport is a necessary requirement, but that hypertonicity of 
the fluids may be'restricted to a very small zone near the secreting epithelium. 
They also suggest that aqueous concentrations, or values of r,, taken by 
themselves, give only limited information about the entrance of solutes 
from the plasma into the aqueous humour. 


Summary 


The plasma sodium concentration in rabbits was reduced either by ex- 
panding the extracellular space with isotonic mannitol, or by infusing hypo- 
tonic saline, or by peritoneal dialysis against isotonic glucose solution. 

When the plasma sodium concentration was reduced without reducing the 
osmolarity of the plasma (as in the mannitol experiments), then the sodium 
and chloride concentrations of the aqueous showed very little change although 
the intra-ocular pressure decreased. 

When plasma osmolarity as well as the sodium concentration was reduced 
(after hypotonic infusions or peritoneal dialysis), then the concentrations of 
sodium, chloride and bicarbonate in the aqueous also decreased and the 
I.0.P. showed an increase which lasted for several hours. 

If 2, 4: dinitrophenol was infused after this elevation of I.O.P. had occurred, 
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there was an abrupt decrease of pressure but little change of electrolyte 


concentration in the aqueous humour. 
It is suggested that water enters the eye sufficiently rapidly to ensure that the 


aqueous is approximately iso-osmotic with the plasma, and that the transport 
of solute into the posterior chamber is unaffected by reducing the concentra- 
tion of sodium in the plasma. The nett rate of entry of fluid into the posterior 
chamber will then depend upon both the rate of transport of solute and upon 
the osmolarity of the plasma. 
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SOME RESULTS IN RETINAL DETACHMENT SURGERY 
BY 
JORGE anp ENRIQUE MALBRAN 


Buenos Aires, Argentine 


A seRIES of 85 surgical cases (Series I), in which we had used Schepens’s 
method of indirect binocular ophthalmoscopy in diagnosis (Schepens, 
1952), was described in an earlier paper (Malbran and Malbran, 1956), and 
we have now had a further 18 months’ experience of another series of 101 
cases (Series IT). 
In the first series retinal detachment was arbitrarily divided into three 
groups: 

(1) Subclinical detachments, or tears without detachment. 

(2) Uncomplicated detachments usually of recent development, in which the 
retina could be re-applied, at least partially, with rest and binocular bandaging. 

(3) Detachments complicated by marked myopia with chorio-retinal and 
vitreous degeneration, or by persistent vitreous retraction, large or multiple tears, 
tears with everted edges, fixed folds, uveitis, intra-ocular foreign bodies, or aphakia; 
cases in which the retina could not be re-applied by means of rest, and cases in 
which retinal detachment had resisted previous surgery. 


In studying Series II (Table I, opposite), this same classification has been 
followed in principle, but Series II shows a larger proportion of cases in 
Group 3 and correspondingly fewer in Group 2. This may be due to chance, 
but may also have been influenced by two important factors: 

(i) Our increased experience in pre-operative examination with the indirect 
binocular ophthalmoscope has led us to include in Group 3 many cases which we 
might formerly have included in Group 2. This is particularly true in cases of 
high myopia in which occur tears with everted edges and pars plana cysts (Grig- 
nolo, Schepens, and Heath, 1957), and in which biomicroscopy reveals deep 
alterations of the vitreous stroma with vitreo-retinal retractions at the level of the 
tear. Schepens’s advice has influenced our choice of therapy and has assisted in 
bringing about an appreciable improvement in the percentage of cures. 

(ii) The number of Group 3 cases is larger because the good results obtained in 
some apparently hopeless cases encouraged us to treat many other “desperate” 
cases; Table II shows that our efforts were justified. 


These “‘desperate’’ cases may almost be said to represent a fourth group. 
They include long-standing detachments (some more than a year old), cases 
operated on more than once by other surgeons, which showed large tracts of 
scleral destruction due to excessive diathermy, and cases of past or present 
uveitis, open trauma, foreign bodies, and vitreous retraction with fixed folds. 
For the sake of comparison with the previous series, we have included these 


cases in Group 3, but they are also considered separately further on. 
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TABLE I 
RESULTS IN THE TWO SERIES COMPARED 





Cures Partial Failures 
No. of TI Improvement 
Cases Tapy 





Per Cent.| No. /|Per Cent. . |Per Cent. 
10 100 0 _ — 
30 85 — _ 15 
80 — 20 
100 
87 13 
80 
58 32 
50 20 30 
58 27 
73 19 
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od in + Lamellar resection without polyethylene tube. 
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Therapy 


ed in Criteria of Cure 


“ate” Cure: anatomical and functional restitution of retina. 
Partial Improvement: anatomical restitution without functional recuperation, or partial 
anatomical restitution with obvious improvement in useful vision compared with pre-operative 
Stage. 
oup. Failure: Pre-operative condition aggravated or unimproved. 
>ases 


ts of COMPARISON OF THE TWO SERIES 

sent Group 1. Subclinical Detachments and Tears without Detachment (21 
olds. cases)—100 per cent. success was obtained in both series. 

hese Systematic observation of the contralateral eye often reveals the existence 


of lesions symmetrical with those in the affected eye. This enabled us to 
19 
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detect the existence of tears without detachment at the periphery in patients 
consulting because of other conditions, and so to recommend early surgery. 
All patients complaining of photopsia and other symptoms of retinal disease 
and particularly those with degenerative myopia should be closely examined 
with the indirect binocular ophthalmoscope and Goldmann’s three-mirror 
contact lens. 

In 28 of the 31 cases in the two series, light surface diathermy was used. 
In three cases presenting large tears with vitreous adhering to the edge of the 
operculum, lamellar resection was performed without inclusion of the poly- 


ethylene tube. 


Group 2. Uncomplicated Detachments in which the Retina is re-applied 
spontaneously with Rest and Binocular Bandaging (18 cases).—The percentage 
of cures increased in the second series from 87 to 95 per cent. 

This improvement may be ascribed to better selection of cases, and to 
greater experience of scleral shortening surgery (lamellar resection with or 
without inclusion of polyethylene tube). In the first series one case in this 
group suffered the only serious operative complication (choroidal rupture 
with vitreous haemorrhage and secondary vitreous retraction), but the rest 
of the ten cases so treated were cured. In the second series cures were 
obtained in all the fifteen eyes so treated out of a total of eighteen. The 
only failure in the group occurred in one of the three cases treated according 
to the classical method with diathermy. 

The greater number of cures obtained in this group by a more frequent 
use of scleral shortening surgery suggests that this method should not be 
reserved for “desperate” cases as was previously the custom. 


Group 3. Complicated Detachments (62 cases).—This group is the 
largest in the second series for reasons which have already been given. 
The degree of success obtained in the two series (58 per cent. in the first and 
60 per cent. in the second) shows little difference, but Group 3 in the second 
series includes 23 “‘desperate” cases of which only six were completely cured 
and two partially cured (Table II), and this has brought down the percent- 
age for the whole group.’ Without these very serious cases there were 31 
cures in 39 cases (79 per cent.). 


TABLE II 
RESULTS IN “DESPERATE” CASES OF GROUP 3 IN SERIES II 





Cures Partial Improvement Failures 





Therapy 
No. Per Cent. No. Per Cent. No. Per Cent. 





6 26 y 9 15 65 


























t Scleral resection with partial polyethylene tube. 
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Marty of these “desperate” cases were those of patients who came to us 
after unsuccessful operations by other surgeons, and the profound alterations 
in the scleral tissues caused by excessive diathermy gave little hope of success. 

Scleral resection, with or without inclusion of the polyethylene tube, or 
full-thickness scleral buckling, are the only surgical methods used by us in 
such cases. We are convinced that, at the present stage of knowledge, these 
techniques should be used at a first operation, and not postponed until the 
classical methods still recommended by some surgeons have failed. 


TECHNIQUE 


In both series, control of the diathermy application was carried out with 
the indirect binocular ophthalmoscope, which permits accurate localization 
and reduces the risk of applying diathermy to non-affected regions. 

The difficulties which we encountered in replacing the conjunctiva because 
of damage during protracted surgery was solved by infiltrating sub- 
conjunctival physiologic salt-solution at the start of the operation. The 
oedema so caused assists the preservation of the tissue. The conjunctival 
incision is always made 1-5 cm. from the sclero-corneal limbus, where the 
conjunctiva is thicker and more resistant. 

When muscle disinsertion is necessary, the muscle is severed by the myo- 
stat flush with the sclera, and two sutures are placed on the free edge of the 
tendon which is then allowed to retract to the floor of the orbit. These 
two sutures are sufficient guides to find the muscle and re-insert it at the close 
of the operation. 

One of the more usual problems inherent in muscular disinsertion is post- 
operative heterophoria. To obviate this we use the same manoeuvre as in 
inferior oblique advancement (Norbis and Malbran, 1954), originally 
described by McLean (1949). The region of the sclerotomy is covered with 
a Tenon’s capsule flap, which is attached to the sclera by two or three stitches 
of virgin silk so that the cut surface of the muscle remains separated from 
the cut surface of the sclera and adhesions are avoided. 

An evacuation puncture is performed by applying surface diathermy and 
then making the puncture with the current switched off. It is sometimes 
advisable to enlarge the orifice with a lacrimal puncture dilator. Before 
tying the resection sutures, we measure the volume of fluid evacuated and if 
necessary enlarge the orifice. In tying the sutures, particularly after the 
inclusion of a polyethylene tube, the reduction in eye volume causes more 
fluid to be expelled. If insufficient liquid is evacuated, air or saline is in- 
jected into the vitreous chamber through an area where the retina is still 
attached, carefully avoiding the risk of vitreous haemorrhage. Injection is 
carried out on a surface diathermy plaque previously effected under binocular 
ophthalmoscopic control, as in the case of retinal tears. We prefer the use 
of saline, which can subsequently be more easily controlled. 
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SUMMARY 


The authors’ previous communication is recalled in which the advantages 
were stressed of Schepens’s indirect binocular ophthalmoscopy as a method 
of pre-operative diagnosis and guidance in retinal detachment surgery. 

The results obtained in the earlier series are compared with those in the 
new series, with an analysis of the proportion of different types of case, of 
the surgical procedures undertaken, and of the technical improvements 
introduced in the second series. 
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ABNORMAL RETINAL CORRESPONDENCE* 
A PRELIMINARY REPORT ON THE TREATMENT OF ABNORMAL 


RETINAL CORRESPONDENCE BY CUPPERS’S AFTER-IMAGE 
METHOD 


BY 


S. MAYWEG AnD H. H. MASSIE 
Orthoptic Department, High Holborn Branch of Moorfields Eye Hospital (Director: T. Keith Lyle) 


ABNORMAL retinal correspondence is found to be present in a considerable 
number of cases of concomitant strabismus. Méiiller (1826) thought that the 
anomalous projection was due to a congenital malposition of the macula of 
the squinting eye. It was suggested by von Graefe (1855) that the anomalous 
projection occurred as a result of the squint. Parinaud (1899) postulated 
that normal binocular function was possible in abnormal retinal correspon- 
dence, the macula of the unaffected eye being used in conjunction with a point 
of eccentric fixation in the squinting eye. Bielschowsky (1937) and other 
workers have denied that binocular vision of any useful degree could develop 
when one eye was fixing eccentrically. Chavasse (1939), Duke-Elder (1949), 
and Lyle and Walker (1950) state that abnormal retinal correspondence is 
prompted by a desire to develop binocular vision. Burian (1947, 1951) main- 
tains that anomalous correspondence was acquired through usage and was 
an adaptation of the sensory apparatus of the eyes to their abnormal position. 

Various methods of treating abnormal retinal correspondence have been 
developed as the treatment of strabismus has improved. Travers (1940, 1950) 
recommended operation as being the most important single factor in the 
development of normal retinal correspondence, combined with orthoptic 
exercises. Others, including Lyle and Jackson (1940), have used kinetic 
stimulation at the objective angle, but with only a moderate degree of success; 
because of this, the method is rarely used in England now. Recently, how- 
ever, Ciippers (1956) has developed a new method of treatment based on the 
Bielschowsky after-image test. A series of 22 cases have been treated by this 
method at the High Holborn Branch of Moorfields Eye Hospital. 


Clinical Material 


The patients selected for treatment by Ciippers’ method were mostly those who 
had previously had some form of amblyopia, often associated with an eccentric 
fixation. Their ages varied between 5 and 12 years and the age at onset of 
strabismus varied from birth to 2 years. Nearly all these children had been 
treated previously in the Orthoptic Department and had been discharged as 
cosmetically satisfactory. 





* Received for publication May 3, 1958. 
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Method of Treatment 
The principles of treatment were those used to restore the normal sensory 
relationship of the two retinae. 
After insuring that the fixation was central in each eye, and that the visual 


acuity had been improved in the amblyopic eye to such a degree as to help 
the possible development of binocular vision, treatment was given as follows: 


(1) Occlusion.—In unilateral strabismus, occlusion was maintained on the 
fixing eye until the squint had become alternating. It was then changed each 
day from one eye to the other in order to maintain the visual acuity in each 
eye, and to discourage the anomalous sensory relationship. The same 
procedure was adopted if the squint was already alternating. 


(2) Orthoptic Exercises.—These were given using the after-image technique 
as acontrol. The giving of the after-image depended on alternative foveal 
stimulation, thus overcoming the facultative suppression which is normally 
present. Each fovea was subjected in turn to a stimulus which varied 
slightly for each eye. With the tube of the major synoptophore adjusted to 
the objective angle of strabismus, the stimulus, in a linear form, produced bya 
specially-constructed slide, was first inserted into the right hand tube so that 
the beam of light was vertical. A bright light was turned on behind this 
slide for approximately 20 seconds and the patient was instructed to observe 
a red fixation point in the centre of the bar of light so produced. The illumi- 
nation was then turned on behind a horizontally placed slide in front of the 
left eye for a further 20 seconds, after which the slides were removed and 
flashing illumination was commenced in order to stimulate the formation of 
the after-image. The flashing could be adjusted so as to vary the dark and 
light periods independently, and it was possible to stimulate the eyes simul- 
taneously or alternately. While flashing was in progress the patient was 
asked to describe the negative after-image seen projected into space and to 
indicate the image form by holding two pencils in the appropriate position. 
If abnormal retinal correspondence was present the lines would be seen 


uncrossed — -, or partly crossed — = and if normal retinal corres- 


pondence was present the lines would be seen as a symmetrical cross —, 


It was usual, at the beginning of the course of treatment, to find the after- 
images uncrossed. However, with daily treatment on the major synopto- 
phore, encouraging the patient to bring the lines together, it was found that, 
in many cases, the two lines would gradually come to form a cross. This 
appeared only fleetingly at first, but later the cross occurred more permanently. 
With further treatment, the after-images would form a cross without the aid of 
flashing illumination. When the after-images showed, by the formation of 
a symmetrical cross, that norma) retina) correspondence had developed, one 
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of a pair of simultaneous perception slides was inserted; when the picture 
was centred on the cross, the second slide of the pair was inserted. The 
two slides were only allowed to remain if the pictures were correctly super- 
imposed, and provided that the cross was still visible. 

If the after-images showed no sign of forming a cross after approximately 
twenty sessions, this method of treatment was discontinued. 

During the earlier stages of treatment, the subjective angle, or the 
angle at which the abnormal correspondence had developed, was always 
avoided until the correspondence had apparently become normal. When 
normal retinal correspondence had been achieved, the patient was allowed 


to find his own subjective angle, still using the cross as a means of control. 


(3) Surgery.—An operation to restore the eyes to a normal position was not 
contemplated until the after-image test showed that normal correspondence 
was fairly constant and that some range of fusion was possible on the 
synoptophore. It was found desirable to aim at securing orthophoria, or 
even a few degrees of divergence in the case of a convergent squint, and a few 


degrees of convergence in the case of a divergent squint. 


(4) Post-Operative Treatment—Total occlusion was maintained post- 
operatively until fusion was possible on the synoptophore without the aid of 
flashing illumination. Then a trial period of a few days without occlusion 
was allowed and, provided that there was no reversion to the anomalous 
projection, occlus:on was discontinued. Treatment was carried out with the 
synoptophore, using fusion slides of decreasing sizes. Cheiroscope drawing 
and bar-reading were employed as the range of fusion increased. A close 
check was maintained by using Worth’s lights and red and green glasses, to 
ensure that suppression was not occurring. 

The patients were given pre-operative and post-operative treatment at 
least three times a week, but daily where possible. 


Results 


The results shown in the Table are those which were obtained at a follow- 
up examination carried out 3 to 5 months after the original treatment had 
been completed. 

Of 22 patients with abnormal retinal correspondence treated, four (Cases 
5, 18, 20, 22) developed normal retinal correspondence. They had had a 
persistently abnormal retinal correspondence before treatment and two of 
them developed a small range of fusion. One patient (Case 6) gave a vari- 
able response before treatment, sometimes normal, and sometimes abnormal, 
and a constant normal retinal correspondence after treatment. A further 
patient (Case 11), who showed abnormal retinal correspondence before 
treatment, gave a normal response for near, but an abnormal response for 
distance, after treatment. 
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TABLE 


RESULTS OF TREATING 22 PATIENTS WITH ABNORMAL 





Diagnosis 


Age at 
Onset of 
Squint 
(yrs) 


Previous 
Treatment 


Retinal 





Before 





Left convergent strabismus 
Abnormal retinal correspondence 
Eccentric fixation 


? 


Occlusion 
Euthyscope 


____| Abnormal 
| Angle of anomaly 


2° (satisfactory) 








Right c convergent strabismus never 


Abnormal retinal correspondence 
but retinal suppression 





Intermit- 
tent 
from 


birth 


Nil 





Variable. Sometimes 


abnormal; sometimes 
normal 








Left convergent strabismus 


It 


Occlusion 


Euthyscope 
Operation 


~~ | Abnormal in 
height 
Adu of anomaly 2°-3° 





Left convergent strabismus 
Abnormal retinal correspondence 


4 or from 


birth 


Occlusion 
Euthyscope 


Operation 


No subjective angle 
Left suppression 





Left convergent strabismus 
Abnormal retinal correspondence 


Amblyopia 


Hyperopia 


4 


Occlusion 


Euthyscope 


__| Abnormal 
| 








Left convergent strabismus 
Abnormal retinal correspondence 


Angle variable 


Occlusion 





Variable. Sometimes 
normal; sometimes 
abnormal 





Left convergent strabismus 
Abnorma) retina) correspondence 
Eccentric fixation 


Occlusion 
Euthyscope 


_| Abnormal 





Left convergent strabismus 
Abnormal retinal correspondence 
Fixation central but unsteady 


Occlusion 
Euthyscope 


Coordinator 


Operation 


PS 
C 


—| Abnormal 





Right convergent strabismus 
Abnormal retinal correspondence 


Amb)lyopia 


ia 
= 
E! 


Occlusion 
Operation 


-| Abnormal 





Left convergent strabismus 
Abnormal retinal correspondence 
Amblyopia 


ra Occlusion 


_ Abnormal 








Left convergent strabismus 
Eccentric fixation 


Occlusion 
Euthyscope 


| Coordinator 


— Abnormal 





= 
- 
E 
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RETINAL CORRESPONDENCE BY CUPPERS’S AFTER-IMAGE METHOD 





Correspondence Binocular Vision on Synoptophore 





Stereoscopic 


Simultaneous , Vision 
After Macular Perception Fusion 





— Abnormal None None None 


nomaly Can aiternate 


imes _|_ Variable Yes 
netimes at +19°R/L4A 





Right suppression 








Abnormal None None 
~~] in height Can alternate 
| 
| 


__| Abnormal Angle of Abnormal fusion __ 
anomaly 2°-3° Left divergent strabismus 














| Normal Yes Weak 
sia Variable Left convergent strabis- 





mus near and distance 








es Weak Partial 
at 1°L/R2A Range 8° 


(intermittent) Left convergent strabismus 


_|_ Normal Y 
| 


\ 


——| Abnormal None None ; | 
| 








__\ Abnormal 





__| Abnormal 





——| Abnormal None 








_|. Normal for near | Yes Poor Range Weak 


|~ Abnormal for Cover Test: Binocular fixation for near, slight 
distance manifest convergence for distance 








' 
(continued) 
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Case 
No. 


Diagnosis 





Before 





Left convergent strabismus 
Abnormal retinal correspondence 
Eccentric fixation 


Occlusion 
Euthyscope 
Coordinator 


____| Abnormal 





Left convergent strabismus 
Abnormal retinal correspondence 


Occlusion 


____| Abnormal 
| 





Left convergent strabismus 
Abnormal retinal correspondence 
Amblyopia 


Occlusion 


____| Abnormal 





Right convergent strabismus 
Abnormal retinal correspondence 
Eccentric fixation 


Occlusion 
Euthyscope 
Operation 


____| Abnormal 





Left convergent strabismus 
Abnormal retinal correspondence 
Left hypertropia 


6 months 


Occlusion 
Operation 


__| Abnormal, but 
| | sometimes nor- 
mal 





Left convergent strabismus 
Abnormal retinal correspondence 
Central fixation 


Occlusion 
Euthyscope 
Coordinator 


Variable. Sometimes 
abnormal; sometimes 
normal 





Right convergent strabismus 
Abnormal retinal correspondence 
Eccentric fixation 


Occlusion 
Euthyscope 
Coordinator 
Operation 


__| Abnormal : 
| Right suppression 





Left divergent strabismus 
(consecutive) 

Abnormal retinal correspondence 

Fixation central but unsteady, 
flicking on and off macula 


Occlusion 
Euthyscope 
Coordinator 


Normal after treatment 
for right amblyopia 





Left convergent strabismus 
Abnormal retinal correspondence 
Fixation central but unsteady 


Occlusion 
Euthyscope 
Coordinator 
Operation 


____| Abnormal 
| 





Left convergent strabismus 
Abnormal retinal correspondence 
Fixation central but unsteady 


6 months 


Occlusion 
Euthyscope 
Coordinator 
Operation 


____| Abnormal 
| 











Left convergent strabismus 
Abnormal retinal correspondence 








Occlusion 
Operation 





____| Abnormal 
| 
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Correspondence 


Binocular Vision on Synoptophore 





After 


Simultaneous 
Macular Perception 


Fusion 


Stereoscopic 
Vision 





__| Abnormal 


None 





_| Abnormal 
“aA 





__| Abnormal 





__| Abnormal 


None 
(Non-cooperative) 





Sometimes normal; 
sometimes abnormal 


Unsteady 
at 5°, L/R9A 


Doubtful range of 4° 

Cover Test: Right con- 
vergent strabismus for 
near, right divergent 
strabismus for distance 





Yes, add. +6° abd. —4° 
Cover Test: No deviation 





Poor range 
Right amblyopia persists 





Visual acuity improved 
to 6/36 
Fixation still unsteady 


Good range immediately 
after treatment, but 
none demonstrated at 
latest examination 





_|_ Normal 


Weak range +12° to 0° 

Cover Test: Exophoria 
for near, straight for 
distance 





__| Abnormal 


None 





-|- Normal 








Weak range 
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Discussion 

The number of treatments ranged between seven and fifty (average be- 
tween fifteen and twenty). The patients with a large angle of anomaiy 
usually responded more quickly than those with a very small angle. Also, 
those who had developed a degree of low grade binocular vision, using an 
eccentric point on the squinting eye, showed a less rapid response. Patients 
who had originally shown a high degree of amblyopia responded better than 
those with no amblyopia. The children who had had occlusion for several 
months during treatment for eccentric fixation responded better than those 
who started treatment without previous occlusion. It was also found that 
the younger children responded more quickly than the older ones. The 
patients who showed no improvement were mainly those who showed lack 
of cooperation in maintaining occlusion, or who had a very fixed abnormal 
retinal correspondence with a range of fusion on the synoptophore at the 
subjective angle. It was felt, however, that the latter group might have 
responded had it been possible to prolong the course of treatment. The fact 
that one eye was constantly occluded may have been responsible for the slow 
improvement in the range of fusion, particularly as the everyday stimulus for 
binocular function was lacking. 

Patients suitable for this treatment must be chosen carefully. It is essen- 
tial for them to be intelligent and fully cooperative. It is desirable that 
children under the age of 7, who have been cured of eccentric fixation, and 
whose eyes are straight or have been made straight by operation, should be 
treated by this method to prevent any deterioration in visual acuity. 
Patients over the age of 7, who have a small angle of anomaly, should not be 
given more than twenty sessions of treatment; if there is then no improve- 
ment, they should be taught to alternate with the aid of red and green glasses. 
In such cases the development of binocular vision seems doubtful and 
diplopia may result. 

Although the number of patients treated is too small to draw any definite 
conclusions from the results obtained, it would appear that, in certain cases 
of convergent strabismus with abnormal retinal correspondence, normal 
retinal correspondence can be developed by means of the after-image 
treatment. 


Summary 


A series of 22 patients with abnormal retinal correspondence were treated 
by Ciippers’s after-image method, and in four cases normal retinal correspon- 
dence was established. 


The authors would like to thank Mr. T. Keith Lyle for all the advice and help he has 
so willingly given in the preparation of this article, and Miss C. Douthwaite for carrying 
out the follow-up examinations. 
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The after-image technique was carried out on the major synoptophore as supplied by Clement 
Clarke Ltd. It was fitted with a special attachment to produce the after-image, as well as an 
electronic flashing unit to produce alternating stimulation. 
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DRUG ADMINISTRATION IN CATARACT SURGERY* 
BY 


L. P. AGARWAL, R. B. L. GUPTA, ANpD S. R. K. MALIK 
From the Department of Ophthalmology, All-India Institute of Medical Sciences, New Delhi, India 


THE problem of cataract surgery in India is immense. Great economic loss 
is caused by improper and inadequate surgery, and through lack of education, 
the cooperation of the patient is not all one would like it to be. Vitreous 
prolapse occurs in 7 to 9 per cent. of routinely-sedated patients, and iris 
prolapse in about 4 per cent., where a peripheral iridectomy has been done 
and a stitch applied. The visual results are often poor and ophthalmic 
surgeons tend to lay the blame on the patient. 

With all the means at our disposal to-day, however, this is rather unfair, and 
we have managed to obtain better relaxation by operating under curare 
akinesia. We have been fortunate in not meeting many complications 
(Agarwal and Mathur, 1952; Agarwal, 1953), but the use of curare alone in 
the doses usually given is not without risk, nor does it eliminate post-opera- 
tive hazards. 

Chlorpromazine (Agarwal, Gupta, and Malik, 1957) has also given 
encouraging results when used for sedation, and both drugs lowered the 
intra-ocular pressure to safe limits even when it was high initially. 

We have also had some success with acetazoleamide used before and after 
operation (Agarwal, and Malik, 1957; Agarwal, Sharma, and Malik, 1955). 
A further development which is discussed in the present communication has 
been the use of a combination of these drugs before and after operation, and 
the results in our latest series of cases have been excellent. 


Material 


The series consists of 150 intracapsular cataract operations performed at the 
S. N. Hospital, Agra, and at the U.H.M. and L.L.R. Hospitals, Kanpur. One 
hundred of these cases were straightforward, but forty were complicated by 
hypertension and ten by bronchial asthma. 

Other series previously reported by us are also mentioned for comparison: 


(1) 100 cases in which only curare or curare-like products were used (Agarwal and 
Mathur, 1952; Agarwal, 1953). 


(2) 95 cases in which chlorpromazine was used (Agarwal, Gupta, and Malik, 1957). 


(3) 100 cases in which acetazoleamide was used and no peripheral iridectomy was 
performed (Agarwal and Malik, 1957). 





* Received for publication June 30, 1958. 
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Method 

The following drugs were used in a combined programme of sedation and aki- 
nesia: 

(i) Barbiturate-——Tuinal 1-5 gr. orally on the evening before the operation, 1-5 gr. 
orally one hour before the operation, and 1-5 gr. on the evening after the operation. 

(ii) Chlorpromazine.—25 mg. orally the night before the operation, 25 mg. orally on the 
morning of the operation, 25 mg. intramuscularly 30 min. before the operation, and 25 mg. 
daily for 3 days after the operation. 

(iii) Acetazoleamide.—250 mg. in a single daily dose, starting 2 days before the operation 
and continuing for 4 days after it. 

(iv) Promethazine.—One teaspoonful 30 min. before the operation. 

(v) Curare-like Products.—Starting 15 min. before the operation, 7 I.U. curare are given 
in one minute and then 7 I.U. every minute until ptosis occurs. The dose is continued 
until paresis of the extra-ocular muscles appears. 

The patients were otherwise prepared in the routine manner. 500,000 units 
penicillin dissolved in 0-5 ml. normal saline were given subconjunctivally before the 
eyes were bandaged after the operation. Routine post-operative procedures were 
followed. Prostigimine was kept in readiness to counteract the effect of curare if 
necessary and preparations were made for administering oxygen after intratracheal 
intubation in case of need. 


Observations 
(1) Blood Pressure (Table I), Respiration, and Pulse Rate. 


TABLE I 
BLOOD PRESSURE 





Blood Pressure (mm. Hg) 





Systolic Diastolic 





Mini: | Maxi- . | Mini- | Maxi- 
mum | mum mum | mum 





Curare or Curare-like 
Product , 





Diamox 





Largactil 


f *Without 
Initial 
Hypertension 
(Diastolic 90 
mm. Hg or 
Present < below) . 
Series | With initial 
Hypertension 
(Diastolic 90 
mm. Hg or 
More) 4 40 40 30 60 46 40 12 35 






































* Including cases of bronchial asthma in which no curare was given. 
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The respiration in cases without respiratory complications was regular 
and deep, and it was also satisfactory in the ten cases with bronchial asthma. 
No respiratory embarrassment was noted, and no resuscitatory measures 


were required. 
The pulse was regular, with a good volume, and showed no increase or 


undue decrease in rate. 


(2) Ptosis, Ocular Motility (Table I), and Ocular Tension (Table III). 


The average dose of gallamine triethiodide required for production of 
ptosis when used alone is 26 units. In the integrated approach this dose 
was reduced to 14 units and the average dose required for surgery was reduced 
from 39 to 26 units. The untoward effects of gallamine triethiodide were 


thus completely eliminated. 


TABLE II 
OCULAR MOTILITY 





Type of Ocular Movements 





No. of Cases Involuntary 
Command 





Jerky Rolling 








Curare .. - 7a s ne 4 Nil 


Diamox. . BS Lk as ce ‘40 60 

















Chlorpromazine a Se so 30 20 
Present Series .. 5% a Fe 4 | Nil | 








TABLE III 
VARIATIONS IN INTRA-OCULAR PRESSURE 





Intra-Ocular Pressure (mm. Hg) 





No Change Fall Rise 





Mini- | Maxi-| Aver- No Mini- | Maxi-| Aver- 


No. mum mum age * | mum |} mum age 





Curare 





Diamox 


| 
Largactil .. : | 7 8 
‘7 








Present Series 40 
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(3) Cooperation (Table IV). 

The patients were mentally and physically fully relaxed and non-apprehen- 
sive. They were fully conscious and could execute movements on command. 
For 4 days post-operatively they lay fully relaxed and in a sleepy state. 
TABLE IV 
GENERAL COOPERATION OF THE PATIENT (PERCENTAGE) 
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Drug 


No. of Cases 


Percentage Response 





Excellent 


Good Un-Cooperative 





Curare 


100 


10 


80 10 





Diamox 


100 


0 


50 50 





Chlorpromazine 


95 


39 4-4 





Present Series 








30 0 











(4) Operative Complications (Table V). 


TABLE V 
COMPLICATIONS DURING OR AFTER OPERATION 





Complications 


Treatment 








Vitreous 
Prolapse 


Iris 
Prolapse 


Hyph- 


aema 


Intra-Ocular 


Expulsive 
Haemorrhage 





Non- 
hypertensive 


Hypertensive 


100 


No Drug | 
10 


10 
2 


4 
1 








1 
2 





Curare 100 


Not quoted 





Chlorpromazine .. 95 


4 


x 





Diamox .. 


100 


| 
| 
| 
| 


| 
| 
= 
{1 | ae 


x 


x 





*Non- 
hypertensive 


| Hypertensive 


Present 


Series io 


| © 
“ae 
| 
x 1 5 
40 ] a 





* Includes ten cases of bronchial asthma in which curare was also given. 


(5) Post-Operative Flat Chamber (Table V1, overleaf). 


Results 


The patients were both physically and mentally relaxed after this integrated 
therapy, and the degree of relaxation was greater than when any of the drugs 
was used singly. Some were almost drowsy, but in spite of this degree of 

20 
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TABLE VI 
POST-OPERATIVE INCIDENCE OF FLAT CHAMBERS 


























Treatment No. of Cases ‘hala Tey 
Non-hypertensive .. 100 8 
No Drug ie da i ats | 10 | 1 
Curare . . bg ee ‘ | 100 | 10 
Cnet ys ee 95 8 
Diamox 100 | 3 
: ( Non-hypertensive .. 100 x 
Present Series With Bronchial Asthma 10 1 
Hypertensive 40 ] 





sedation could respond to questions. They were unmindful of any painful 
stimuli as the retrobulbar injection produced no response and no pain was 
felt during the insertion of the superior rectus stitch. The patients complained 
of dryness of mouth and had to be given plenty of water after the operation 
and sips of water during it. Some complained of a fainting feeling and diffi- 
culty in breathing, but these sensations were not authenticated by the pulse, 
blood pressure, and respiration records. 

Post-operative vomiting and retention of urine were not seen except in 
some patients to whom curare was given alone, but even in these cases there 


were no serious consequences. 
Discussion 

This integrated drug administration was successful both because of the 
ease with which the operations were performed and because of the almost 
complete elimination of operative and post-operative hazards. With suitable 
antibiotic prophylaxis, better aseptic preparation of the patient, and greater 
ease in operating, it has been possible to achieve enviable results. Sedation 
with barbiturate and chlorpromazine makes the patient calmer, more co- 
operative, and more relaxed. As in our previous series (Agarwal, Gupta, and 
Malik, 1957) there was no autonomic disturbance or hypertension. 

When we employed a combination of barbiturates and chlorpromazine 
alone, however, there was in a few cases, an embarrassing rise in intra- 
ocular pressure but when these drugs were combined with curare this rise was 
eliminated. The apprehension that these drugs may lower the intra-ocular 
pressure and so render extraction difficult is without foundation. 

In North India the prevalence of trachoma makes conjunctival haemorrhage 
a rather frequent complication (in 20 to 30 per cent. of all operations) and 


sometimes leads to varying degrees of hyphaema. This risk is greater (60 
out of 95 cases) when chlorpromazine is used alone (Agarwal, Gupta, and 
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Malik, 1957). The incidence of hyphaema in the present series was only 
about 6 per cent. probably because of the additional use of Promethazine, 
an anti-histamine with strong decongestive properties. 

The incidence of vitreous prolapse is usually between 7 and 9 per cent. 
and we had recorded a figure as high as 13 per cent. in hospital cases (Agarwal 
and Mathur, 1952): When curare was used alone, this complication was 
completely eliminated (Agarwal and Mathur, 1952; Agarwal, 1953); when 
acetazoleamide was given with barbiturates the incidence was 6 per cent.; 
when chlorpromazine was given with barbiturates the incidence was about 
5 per cent. In the present series there was only one vitreous prolapse in 
150 cases. This complication is usually attributed either to an initially high 
intra-ocular pressure or to a sudden rise during operation, caused by the re- 
action of the extra-ocular muscles to painful stimuli or to a state of mental 
anxiety. These are well controlled by a combination of acetazoleamide, 
chlorpromazine, and curare. 

Expulsive intra-ocular haemorrhage is a rare complication and it occurred 
in only one case in the series without hypertension. In hypertensive 
patients, however, it is more likely to occur and we had had two instances in 
ten such cases in our previous series. A combination of chlorpromazine, 
promethazine, and barbiturates, however, relieves mental anxiety and stress, 
and lowers the systolic pressure by 30 to 60 mm. Hg (average 46 mm.) and the 


diastolic by 12 to 35 mm. Hg (average 18 mm.). We did not lose even a single 
eye from the forty operated on in the present series. 


Post-operative iris prolapse is probably due to the iris being pushed for- 
wards by the secreted intra-ocular fluid, but a peripheral iridectomy short- 
circuits the route of flow of the aqueous fluid. In the series (Agarwal and 
Malik, 1957) where no peripheral iridectomy was done and the patient was 
kept on acetazoleamide, iris prolapse occurred in only 5 per cent. of cases, 
and it was suggested that the acetazoleamide decreased the formation of 
aqueous, [In the present series iris prolapse occurred in only 1-66 per cent., 
and this in spite of the fact that in most cases peripheral irideetomy was not 
done. 

The anterior chamber failed to re-form in two of the 150 cases, perhaps 
through continued administration of acetazoleamide and the complete 
sedation which was maintained for 4 days. 

Congestion of the eyes was insignificant probably because of the diminished 
aqueous flow and the altered ocular metabolism due to inhibition of carbonic 
anhydrase. 

It is evident that this combined therapy for sedation and akinesia gives 
remarkable results by making the patient mentally and physically relaxed, and 
is of special significance in patients with general hypertension. We did not 
have a single mishap in ten cases with bronchial asthma; but we do not recom- 
mend the use of curare except in highly expert hands if upper respiratory 
tract lesions are present. 
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Summary 
(1) 150 cases of cataract extraction are reported in which a combined 
programme was used of pre- and post-operative sedation and akinesia with 
the addition of acetazoleamide. 


(2) The results are compared with those obtained in previous series in 
which one or more of these drugs were used singly or in combination. 


(3) Complications were very few, and the combined therapy was shown 
to be useful in cases complicated by generalized hypertension and bronchial 
asthma. 


(4) No untoward general complications were noted, but it is not recom- 
mended that curare should be used in cases of bronchial asthma except by 
experts, and only when full resuscitation measures are available. 


(6) The patients’ cooperation was rendered unnecessary, as they were un- 
mindful of the manipulations and were mentally and physically fully relaxed. 
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CASE NOTES 


RHINOSPORIDIOSIS OF THE CONJUNCTIVA* 
BY 


T. COETZEE 
Edendale Hospital, Pietermaritzburg, South Africa 


RHINOSPORIDIOSIS is an infection caused by a fungus, Rhinosporidium seeberi. 
The disease is characterized by the formation of small, friable, purplish-red 
granulomatous masses, occurring most often on the nasal membrane but 
also on other parts of the body. Conjunctival lesions are quite infrequent 
and the author is not aware of a previous case reported from South Africa. 


Case Report 


A male Bantu child, aged 10 years, was admitted to Edendale Hospital on February 24, 
1958, complaining of a small mass that had appeared on the lower lid of the left eye. This 
had been present for one month and had gradually increased in size, but was not causing 
any pain. There was no history of injury or of any significant previous illnesses. 


Examination.—The patient appeared to be in good general health. X-ray of the chest 
was normal. There was a discharge from the right ear due to a chronic otitis media. 
Culture of material from the ear showed Staphylococcus pyogenes (coagulase positive). 
Projecting from behind the middle of the margin of the left lower eyelid was a small, 
irregular, reddish tumour about the size of a pea (Fig. 1). The tumour was attached to 


the palpebral conjunctiva about 3 mm. below the lid margin by a broad stalk. The 
remainder of the conjunctival sac was normal. 


Fic. 1.—Appearance of tumour. 


Operation was performed on the day after admission. Handling of the tumour pro- 


duced free bleeding. It was excised flush with the conjunctiva and the bed lightly 
Cauterized. 





* Received for publication July 14, 1958. 
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Fic. 2.—Low-power view of sec- 
tion showing sporangia. 


Fic. 3.—Details of sporangia: 
thick wall and contained spores. 





Histology.—The sporangia and spores typical of Rhinosporidium seeberi were contained 
in the excised tumour (Figs 2 and 3). 


Follow-up.—After 2 months showed the eye to be normal in every respect. 
Discussion 

The organism causing rhinosporidiosis was first described by Seeber 
(1900), who described two cases with formation of polyps in the nose. The 
organism was then considered a coccidial parasite, but Ashworth (1932) 
demonstrated a similarity between the organism and rudimentary plants. At 
present it is regarded as a fungus and not a protozoon, but this still needs to 
be confirmed by culture. 


Lesions due to this organism have been reported in man and in domestic 
animals such as cattle, horses, and mules. The organism found in the nasal 
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cavities of the horse in South Africa, Rhinosporidium equi (Stitt, Clough, and 
Branham, 1948), is probably closely related. 

The mode of spread of the disease is uncertain. Direct transmission has 
not been proved, but contact with stagnant water has been suspected (Smith 
and five others, 1952). 

The organism can be seen in histological preparations of the excised poly- 
poid masses as round, thick-walled sporangia, varying in size from 6 to 300 p. 
The sporangia contain thousands of nucleated spores, 6 to 8 » in diameter. 
Culture and animal inoculation have not been successful. 

The lesions due to this organism have been reported most frequently in the 
nose, but also on the lips, fauces, pharynx and larynx (Desmond, 1953), 
bronchus (Thomas, Gopinath, and Betts, 1956), parotid (Mahadevian, 1955), 
penis (Tjokoronegoro, Joe, and Eng, 1955), lacrimal sac, conjunctiva, ear, 
vagina (Smith and five others, 1952), and skin (Stitt and others, 1948). 

The organism has been reported from many parts of the world; India 
(Desmond, 1943; Smith and others, 1948); Argentina (Stitt and others, 
1952); Vietnam (Ferrard and Destombes, 1955); Belgian Congo (Thomas and 
others, 1956); Indonesia (Tjokoronegoro and others, 1955); Turkey (Atav 
and others, 1955); Cochin China, Uruguay, and the U.S.A. (Stitt and 
others, 1948). 

Treatment by excision and cauterization of the stalk has generally been 
successful, but there is a distinct tendency to recur. It has been suggested 
that the systemic use of antimony preparations may be helpful (Smith and 
others, 1952). 


Summary 


A case of rhinosporidiosis of the conjunctiva is reported. The condition 
was successfully treated by excision and cauterization. The bacteriology 
and distribution of the disease is reviewed. 


Permission to report this case was granted by Dr. J. Parker, Director of Medical Services, 
Natal. The patient was admitted under the care of Dr. R. J. H. McMahon, visiting ophthalmolo- 
gist to the Edendale Hospital. 
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ARTERIAL ANOMALY AT THE OPTIC DISC* 


BY 


ALEXANDER LINDSAY 
Manitoba Clinic, Winnipeg, Canada 


THE following case displays a feature which, so far as I know, has not been 
previously described. 


Case Report 


A young girl first attended for eye examination on January 8, 1953, when she was 9 
years of age. The visual acuity of each eye was 6/6, there was no error of refraction, and 
the fundi were recorded as normal. 

She was again examined on January 2, 1958, at the age of 14 years, when she was com- 
plaining of defective vision in the right eye. This eye had 2:25 D sph. myopia, which 
accounted for the visual defect. The refraction of the left eye was still emmetropic. In 
the right fundus an artery pierced the lower part of the lamina cribrosa, crossed the centre 
of the optic disc, and joined the upper division of the central retinal artery behind its first 
bifurcation (Figure). No doubt this artery had been overlooked at the previous examina- 
tion. With the slit lamp and Hruby lens, the contained blood)column had a granular 


Ficure.—Optic disc of the right eye showing arterial anomaly. 





* Received for publication April 2, 1958. 
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appearance and moved slowly in an upward direction with a slight reverse movement 
between pulse beats. When pressure was applied to the eye the flow of blood ceased, 
and when the pressure was released there was a rapid reverse flow for 3 to 5 seconds 
before the original slow oscillating upward flow was resumed. None of these phenomena 
was present in the other visible intra-ocular blood vessels. The fundus of the left eye 
was normal. 

The visual field of the right eye had an arcuate scotoma extending from the blind spot 
to the nasal meridian above fixation and between the 15 and 25 degree circles. This 
scotoma was detectable with a 1 mm. but not with a 2 mm. white object at a distance of 
one metre. The visual field of the left eye was within normal limits. 


Comment 


That the artery in question is not merely a branch of the upper division of 
the central retinal artery is evident from the direction of its blood flow. 
That it is not derived posteriorly from the central retinal artery is evident 
from the slow oscillating movement of its contained blood. It must there- 
fore be derived from an artery in the orbit. The brief reversal of blood flow, 
which occurred on release of pressure applied to the eye, is probably a result 
of different hyperaemic responses in the orbit and retina. Pressure applied 
to the eye through the eyelid is transmitted to the orbit, and any reactive 
hyperaemia which might follow its release would be present in both locations. 
The hyperaemia with accompanying reduction of intra-vascular pressure 
would be more marked in the orbital vessels, since they, unlike the retinal 
vessels, are not exposed to the intra-ocular pressure. 

The arcuate scotoma is not a result of poor circulation in the connecting 


artery, because the pressure in this artery is little different from that in the 
larger retinal arteries and any branches which it might give to the optic 
nerve-head would have an adequate circulation. The absence of a visual 
field defect in the left eye suggests that the arcuate scotoma and myopia in 
the right may have a common origin. 


Summary 
(1) An arterial anomaly at the optic disc is described. 


(2) Reasons are given for considering it to be a connexion between arteries 
in the retina and orbit. 


(3) An accompanying arcuate scotoma is considered to be unrelated to 
the arterial anomaly. 
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MICROPHAKIA* 


BY 


M. S. NIRANKARI snp M. C. MAUDGAL 
Medical College, Amritsar, India 


MICROPHAKIA or spherophakia, as a single anomaly, is very rare, but associa- 
ted with ectopia lentis it is commoner (Duke-Elder, 1940). The disease 
results from maldevelopment of the lens and the suspensory ligaments (Mann, 
1957). The ill-developed zonule is weak and does not exert its normal trac- 
tion on the equator of the lens, and as a result the lens assumes a spherical 
rather than the normal ellipsoidal shape. 


Case Report 


A man aged 25 years, first seen on December 11, had experienced a sudden onset of severe 
pain and congestion in bis right eye 5 years before. The attack had lasted for about 10 
days, during which he was virtually blind. He was admitted to hospital at Srinagar, and 
the symptoms abated, but attacks of aching in the temporal region and pain in the eyes 
associated with deterioration of vision recurred frequently thereafter. With persistent 
attacks over a period of 12 months, the vision in the right eye was almost completely lost, 
and then the symptoms started in the left eye also. 

Two years after the first attack he was admitted to hospital and diagnosed as a case of 
buphthalmos with congenital cataract in the right eye. A bluish discoloration of the 
sclera around the limbus was noted. Cataract extraction was done in the right eye, with 
iridectomy above. The family history was negative. 


Examination.—Both eyeballs were prominent with marked ciliary staphyloma in the 
upper and lower parts of the limbus, which was unaffected in the palpebral aperture. 

In the right eye the semicircular scar of the cataract operation and a wide iridectomy 
was seen in the upper part of the limbus. Slit-lamp examination revealed that the anterior 
surface of the vitreous pressed against the posterior surface of the iris. There was a scatter 
of fine pigment granules on the anterior surface of the vitreous in the pupillary and 
coloboma areas. The fundus was not clearly seen. The intra-ocular pressure was 
30 mm. Hg. : 

In the left eye the anterior chamber was shallow—about one third of one millimetre— 
and the iris diaphragm was bulging into it anteriorly. The 4-mm. wide pupillary aper- 
ture was filled by the bulging anterior surface of the lens, the lower border of which was 
lying in front of the iris, projecting into the anterior chamber. The central area of the 
lens showed cataractous opacification, and biomicroscopy revealed a nuclear cataract. 
A crescentic area in the outer lower sector of the pupillary aperture was aphakic. The 
lens here appeared more spherical and smaller than normal. Through the crescentic 
aphakic area, the patient could count fingers at 2 metres distance. The intra-ocular 


pressure was 60 mm. Hg. 


Treatment.—A glaucoma iridectomy was performed in the upper outer part ; the equator 
of the lens could then be seen in the iridectomy area, and it was found that it did not 
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extend to its normal distance towards the ciliary processes (Fig. 1). Only a few fibres 
of the suspensory ligaments were visible. The lens was found to be 5 mm. in diameter. 
The upper inner edge of the lens was still behind the iris. There was a broad posterior 
synechia at this sector. Dusty dark-brown pigment deposits were seen on the anterior 
surface of the lens. The intra-ocular pressure after the iridectomy fell to 30 mm. Hg. 


Progress.—After one year the patient came back with slight subjective improvement. 
The intra-ocular pressure was 40 mm. Hg, and was lowered to 25 mm. Hg by the use of 
one tablet of Diamox three times daily for 7 days. There was no complaint of pain. 

The lens was extracted with a wire vectis without vitreous loss. The posterior synechia 
at the upper inner sector was broken without difficulty. The extracted lens had a diam- 
eter of only 5-5 mm., which confirmed the diagnosis of microphakia. Three corneal 
sutures were applied, and post-operative recovery was uneventful. 


Result.—The anterior chamber reformed with a depth of 2-5 mm. The intra-ocular 
pressure was 20 mm. Hg, and the visual acuity much improved with +9 D sph. 

The patient being an illiterate person, the visual acuity recorded on the dot chart was 
found to be 6/12 partial. Keratometry showed irregular astigmatism, the radius of 
curvature of cornea being 7:8mm.; gonioscopy was not successful, however, as the 
contact lens did not fit over the bulging ciliary staphyloma (Fig. 2). 


Fic. 1.—Equator of lens in iridectomy Fic. 2.—Bulging eyes, ciliary staphlyoma, 
area falling short of its normal size. and cataractous lens in the left eye. 


Comment 


The cause of microphakia is supposed to be a weak zonule, so the fre- 
quency of ciliary staphyloma in this condition can be explained by the poor 
development of the ciliary body which gives way more easily to the increased 
intra-ocular pressure without leading to complete blindness. 

This differs from the ciliary staphyloma seen in late stages of other types of 
glaucoma in adults, when it denotes complete blindness. 

The cause of secondary glaucoma in these cases is the ball-valve like action 
of the spherical lens in the pupillary area, which causes retention of the 
intra-ocular fluids in the posterior segment of the eye. If this were to occur 
in early childhood, the eyeball would become large, because the immature 
scleral coat would stretch under the increased intra-ocular pressure. ~ In such 
cases the condition may be wrongly diagnosed as buphthalmos. 

The differential diagnosis between the two conditions is very important, 
because early and proper treatment gives very satisfactory results in either 
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case, and the necessary treatment is quite different. In buphthalmos, the 
cornea is big and the anterior chamber is deep. In spherophakia, the cornea 


is normal in size, the anterior chamber is shallow, and the posterior segment 
of the eyeball shows enlargement. This difference can be explained by the 


retention of aqueous in the posterior chamber in spherophakia, and in the 
anterior chamber in buphthalmos. 


Summary 


A case of spherophakia with secondary glaucoma and ciliary staphyloma 


is discussed. The case was of interest in that it simulated buphthalmos. The 
differential diagnosis of the two conditions is described. 
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CORRESPONDENCE 


EYE DISEASES IN AFRICAN CHILDREN 


To the Editorial Committee of the BriTisH JOURNAL OF OPHTHALMOLOGY 


Sirs,— With reference to D. S. McLaren’s interesting letter (British Journal of Ophthal- 
mology, 1959, 43, 62), where he criticises that part of my paper on “‘Eye diseases in 
African Children’? which is concerned with the nature of the ocular manifestations of 
avitaminosis A, I do not think he has altogether appreciated the general nature of that 
paper. It was never intended to be anything other than what the title suggests. Support- 
ing data were deliberately withheld. It seems to me that some of Dr. McLaren’s state- 
ments, moreover, parallel mine in their arbitrariness! Nevertheless, I symphathize with 
him. There is no doubt that the exasperation which this subject induces in us all is due 
to our lack of knowledge, a lack which no text-book admits or suggests. With this in 
view I have spent the last 18 months in India with six colleagues working on a 12-point 
programme the theme of which was “Vitamin A and ocular health”. The most important 
of the papers now ready for publication is entitled ““Re-assessment of the Ocular Manifesta- 
tions of Avitaminosis A”. Here most, if not all, the points raised by Dr. McLaren receive 
careful attention. In fairness to my earlier African paper, the findings in India largely 


confirm those in Africa, strengthening the claim of the former to be an important 
document. 


Yours faithfully, 


F, C. RODGER, 
LARCHDOWN Farm, 
CHECKENDON, OXON. 


February 10, 1959. 


BOOK REVIEWS 


The Eye: A Clinical and Basic Science Book. By E. H. BEDROSSIAN. 1958. Pp. xxix 
and 340, 52 figs, 2 col. pl. Thomas, Springfield, Il. (82s. 6d.) 

After a careful perusal of this book the reviewer felt impelled to turn back to the 
author’s preface to try to find out why it was written. From this we learn that the first 
half is a synopsis of the essential basic scientific facts as required for board examinations, 
while the second or clinical section is said to contain a collection of useful diagnostic and 
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therapeutic information condensed from leading text-books, journals, and the authoi’s 
own lecture notes, It is thus apparently intended to be a quick practical reference book. 






















































This is all to the good, for to the student learning ophthalmology one must say straight 
away that it is quite valueless; written as it is in condensed form, the lack of balance in 
space devoted to rare conditions (e.g. “Three cases have been reported in the U.S.”— va 
page 185. “‘Has not been seen in the U.S.”—page 188) compared with the synoptic and Tt 
unfortunately not always accurate tabulation of the symptoms, signs, and treatment of i 
common diseases would present to the tyro an unfortunate introduction to his life’s work. 
One would like to go on to say that the work is indeed of value to the established “a 
clinician and teacher as a reference volume, but one is unhappily in no position to do so 
honestly, since from his more experienced point of view the lack of balance is again all En 
too obtrusive. Pathology is compressed into 4 pages, of which one is devoted to the 
classification of malignant melanomata with specious mortality rates over unspecified 
periods. The section on optics (48 pages) is good but too long for a book of this size. That jj En 
on neuro-ophthalmology (52 pages) is comprehensive but so condensed as to prove only at 
verification of the signs and symptoms of diseases which have already been diagnosed. cal 
Glaucoma achieves mention only in a tabulated differential diagnosis between its acute ins 
form, conjunctivitis, and iritis, and in the treatment of acute glaucoma acetazoleamide no 
is not even mentioned. The chapters on physiology and biochemistry are, to say the least sec 
of it, naive. sul 
Very few references are given, and those only in parenthesis in the text, and it does not vis 
inspire confidence to find, for example, that the only reference given for ocular oncho- is ¢ 
cerciasis is dated 1934; this may well be a classic, but surely something more useful has bui 
appeared since then. 
Dismal to relate, this is not all. As examples, on page 31 it is stated that there are about Ge 
7 M. cones each of which is associated with a separate fibre in the optic pathway; this is 
difficult to reconcile with page 60 where we learn that the number of fibres in the optic ; 
nerve is 500,000 or more. The “‘or more” is admittedly an escape clause, but would Th 
appear a masterpiece of understatement if the earlier assertion be correct. On page 82 ie 
it is stated that the endothelium is impermeable to electrolytes, but by page 93 the author in 
has changed his mind. On page 169 it is said that “any antibiotic” is suitable for the F 
treatment of staphylococcal ophthalmia neonatorum. With luck this may well be true, Ky) 
but cultures and sensitivity tests fail to achieve mention here or elsewhere. ine 
Although well produced, the proof-reading leaves much to be desired—visable, steri- pu 
opsis, and the like. Charity is even further strained by meeting old and revered friends 7 
under the guise of Zeiss (glands of), Pannum, Guarneri, Bechet, Coat, and Eale; while ule 
even allowing for the mutually respected differences in transatlantic orthography, surely Ac 
it is a little unusual to find the ora serrata persistently described as the orra serrata, even tol 
in the index. The reviewer is left with a slight feeling of lack of confidence and still in I 
doubt. the 
b 
The Preservation of Eyesight. By Sir Arthur Salusbury McNalty. 1958. Pp. 115, one 
9 figs. Wright, Bristol. (12s. 6d.) 7 
This small book, as we are told in its preface, is intended to provide, in fairly simple pho 
language, a guide to the care and precautions necessary to maintain good eyesight. Any T 
attempt to simplify a scientific subject, whether for the layman or for a more limited group 
of readers with an elementary scientific education, is apt to sacrifice accuracy to simplicity. 
Unfortunately, this book is no exception. 
The descriptions of the anatomy and physiology of the eye are correct as far as they go, 
but are inadequate to interest the intelligent reader, and are of no real help in understand- 
ing what can be done to preserve good vision. With regard to eye diseases and their 


treatment, the simplification is such that almost every section contains a statement which 
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is either misleading or not in keeping with modern teaching; any attempt to proffer 
constructive criticism of individual defects would involve an analysis of the entire section. 

The social problem of blindness and the prevention of industrial eye injuries and diseases, 
as one would expect in the light of the editor’s qualifications, are dealt with adequately. 
The final chapter on the care of the eyes would not elicit the sympathy of many ophthalmic 
surgeons, however, and could easily alarm the lay reader. 

This small book cannot be said to be either scientific or popular and must surely have a 
very limited appeal. 


Emergency War Surgery (NATO Handbook). U.S. Department of Defense. 1958. 
Pp. 411, 18 figs., 7 tables. U.S. Government Printing Office, Washington, D.C. 

The Department of Defense of the United States of America has issued a manual on 
Emergency War Surgery which is derived from a somewhat similar publication developed 
at Supreme Headquarters Allied Powers Europe (SHAPE). The book deals with the 
care of casualties in forward areas from the battlefield to base hospitals, providing clear 
instructions regarding the general principles to be adopted in every kind of case, including 
not only wounds but injuries due to burns, cold, blast, chemicals, and radiation. The 
section dealing with the eye is excellent and sound in its teaching—essentially that forward 
surgery should be kept to a minimum except as it is necessary for the conservation of 
vision, major and specialized surgery being reserved for the evacuation areas. The book 
is of great value, not only as a manual for war or even for the purposes of civil defence, 
but as a guide to the many types of trauma met with in civilian life. 


General Ophthalmology. By D. Vaughan, R. Cook, and T. Asbury, 1958. Pp. 328, 
many figs., bibliographies. Large Med. Pub., California. ($4.50). 

The letterpress of this book is typewriter script reproduced by the rotoprint method. 
The illustrations are, in the main, photographic, and many are so indistinct that they 
could convey very little to an inexperienced student. There is also evidence of mistakes 
in proof reading. 

Some of the expressions used are a little confusing to an English oculist, as, for instance, 
“visualize’’, meaning an ocular process as against a mental one; ‘“‘internal hordeolum’”’ 
including stye; ‘“‘epiphora’”’ not distinguished from lacrimation; and ‘“‘embryotoxon”’ 
used to include arcus senilis. 

The treatment suggested is sometimes sketchy and sometimes unbalanced. In corneal 
ulcer the use of antibiotics and steroids is emphasized but no mention is made of atropine. 
Acertain naiveté is displayed in the treatment of amblyopia ex anopsia, which is considered 
to be “‘simple, inexpensive, and effective’. This Nirvana is attained by occlusion. 

In the treatment of squint the advantages of orthoptic exercises are mentioned, but 
there is no hint of the very grave dangers of inexpert treatment. 

Not all would agree that baring of the blind spot is a very early sign of glaucoma, and 
one would have liked to have seen at least a passing mention of low-tension glaucoma. 

The neurological section is good and the subject is lucidly explained. The fundus 
photographs are not helpful. 

This is a book which has just missed being excellent. 


NOTES 


INTERNATIONAL SOCIETY FOR CLINICAL ELECTRORETINOGRAPHY 
During the International Congress of Ophthalmology held in Brussels in September, 
1958, an International Society for Clinical Electroretinography (ISCERG) was organized. 
The objective of the Society is to promote work in clinical electroretinography by preparing 
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and conducting meetings and symposia, by establishing a central bibliography distributed 
regularly to the members, and by suggesting a standardization of the instrumentation and 
procedure in clinical electroretinography and of the recording and measurement of 
clinical electroretinograms. 
The work of the Society will be carried out by a Central Board of Officers, a General 
Committee, and an Advisory Board. 
The officers of the Society are as follows: 
PRESIDENT: G. Karpe (Stockholm); 
VicE-PRESIDENTS: A. Franceschetti (Geneva) and J. Frangois (Ghent); 
SECRETARY GENERAL: H. E. Henkes (180 Schiedamsevest, Rotterdam, Netherlands); 
SECRETARY FOR THE WESTERN HEMISPHERE: H. M. Burian (Department of Ophthalmology, 
University Hospitals, lowa City, Iowa); 
TREASURER: W. Straub (Universitdts-Augenklinik, Hamburg 20, Germany), Postal cheque 
and transfer account 256649, Hamburg. 
The annual membership fee has been set at D.M. 10, payablein D.M. or local currency. 
Anyone residing in the Western Hemisphere and interested in this new society is 
requested to contact Dr. Burian. All others should apply to Dr. Henkes. 


EUROPEAN OPHTHALMOLOGICAL SOCIETY 
First Congress, 1960 


The first Congress of the European Ophthalmological Society will be held in Athens from 
April 18 to 22, 1960, under the presidency of Professor John Charamis. The main subject 
for discussion is ‘‘Secondary Glaucoma’’ and sixteen opening papers will be given. 
Papers which have no reference to the principal subject will not be accepted but films may 
be shown on other subjects. The subscription is 120 Swiss francs for titular members 
and 60 Swiss francs for associate members. Those wishing to take part should contact 
the General Secretary, Dr. Nico Dascalopoulos, Athens, at the earliest opportunity. 


INSTITUTE OF OPHTHALMOLOGY OF THE AMERICAS 
Post-Graduate Courses for Ophthalmologists, 1959 
The Second Series of Post-Graduate Courses will be given from September 14 to 
November 25, 1959, in a large variety of subjects of particular interest to ophthalmologists. 
Further information may be obtained from the Registrar: 


Mrs. Tamar Weber, 

Institute of Ophthalmology of the Americas, 
New York Eye and Ear Infirmary, 

218 Second Avenue, New York 3, N.Y. 


The Senate of the University of Toronto has awarded to Sir Stewart Duke-Elder the 
Charles Mickle Fellowship for the year 1959 as ‘“‘The- Member of the Medical Profession 
who has done most during the preceding 10 years to advance sound knowledge of a 
practical kind in medical art or science’’. 


CORRIGENDUM 


The Report of the International Committee on the Teaching of Ophthalmology which appeared 
in the February issue (Brit. J. Ophthal., 43, 123) should have been written over the signatures of 
M. E. Alvaro and Frank W. Newell and not over that of Dr. Alvaro alone. 
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COMMUNICATIONS 


CHYMOTRYPSIN AND ZONULYSIS* 
PRELIMINARY COMMUNICATION 
BY 


DORRIT SALMONY 


M.R.C. Ophthalmological Research Unit, Institute of Ophthalmology 
(Director of Research: Sir Stewart Duke-Elder) 


INTRODUCTION 


a-CHYMOTRYPSIN is now widely used to facilitate the operation of cataract 
extraction. Although some preliminary experiments have been reported 
by Barraquer, the biochemical action of this enzyme on the zonule has not 
been studied hitherto. It is of great importance to know whether chymo- 
trypsin attacks only the zonule or whether it might also affect other tissues 
of the eye, particularly the vitreous body, the anterior surface of which would 
be exposed to chymotrypsin during the enzyme treatment of the zonule. 


The proteolytic enzyme, chymotrypsin, has three actions. It splits peptide 
bonds inside the protein molecule, attacking these bonds at the carboxyl end 
of aromatic amino acids (endopeptidase activity). By its exopeptidase 
action it is also able to liberate amino acids which have free amino groups 
from the end of the protein molecules. It can also hydrolyse certain esters 
non-specifically (esterase activity). 


Very little is known of the chemical constitution of the zonule. Histo- 
logical methods have demonstrated the presence of a mucopolysaccharide, 
but the nature of the protein component has not so far been elucidated, in 
spite of numerous studies by Bairati (1946) who showed that the protein of 
the zonular fibres differs from other known structural proteins such as 
collagen and elastin. 





* Received for publication April 3, 1959. 
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PRESENT INVESTIGATIONS 


The following preliminary investigation of the biochemical action of a- 
chymotrypsin shows that, whilst the enzyme affects the zonular ‘fibres, it 
also exerts its proteolytic action on other tissues, such as the vitreous body, 
which may be undesirable. 


MATERIALS AND METHODS 


a-Chymotrypsin.—This was purchased from the Armour Laboratories, East- 
bourne, as a freeze-dried, crystalline product containing 5000 Armour Units 


per 6 mg. 


Estimation of Chymotrypsin Activity——A modification of the method described 
by Kunitz (1947) was used; this measures the absorption at 280 my of the aromatic 
amino acids liberated from proteins by the action of the chymotrypsin. 

Lens homogenate, aqueous humour, or vitreous humour was incubated for 
varying times in a bath at 37°C. together with 1-0 ml. 0-1 M borate buffer, pH 8-0; 
0:2 ml. 0-05 M calcium chloride; 0-2 ml. chymotrypsin solution in 0-9 per cent. 
sodium chloride (50 Armour Units/ml.); and distilled water to a final volume of 
2 mi. 

The reaction was stopped by precipitating the proteins with 0-4 ml. 5 per cent. 
ZnSO,.7H,O and 0-4 ml. 0-3 N Ba(OH),; the concentrations of these two solutions 
had previously been adjusted, so that 0-4 ml. ZnSO, was exactly neutralized by 
an equal volume of Ba(OH), when phenolphthalein was used as indicator. 

The precipitated proteins were removed by centrifuging and the optical density 
of the supernatant solution was determined at 280 my in a Unicam Spectrophoto- 
meter. 

Parallel samples, one of which was deproteinized at once without incubation 
and the other containing no chymotrypsin, were used as controls. 


RESULTS AND DISCUSSION 


Preliminary experiments, using both ox and rabbit eyes, have shown that 
a-chymotrypsin does not have any visible effect on the appearance of the 
zonular fibres. Some fibres were carefully excised and observed under a 
dissecting microscope. There was no change in their appearance even after 
40 minutes treatment with a solution of chymotrypsin (50 units/ml.). 

It has, however, been possible to demonstrate that the enzyme weakens 
the zonular fibres. After removal of the cornea and iris, an ox eye was 
pinned to a cork board and a fine needle was impaled through the lens at 
its equator. An upward pull on the lens was exerted by a cotton thread 
connected to both ends of the needle and passing vertically over a pulley to 
a small pan containing weights. This exerted a slight stretch on the zonular 
fibres. When a 16-g. weight was used, the position of the lens remained 
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unchanged for over 3 hours. The zonule was kept moist during this period 
with 0-9 per cent. NaCl. When the zonule was treated with a solution of 
chymotrypsin, however, the fibres broke within 20 minutes and released 


the lens. 


Effect of Chymotrypsin on Various Tissues of the Eye.—The proteolytic 
action of this enzyme was studied on ocular tissues such as the vitreous and 
aqueous humours and lens homogenate. The zonule was not used in these 
experiments since it was not possible to dissect it out completely free from 
the vitreous body. 

The ability of chymotrypsin to liberate aromatic amino acids from protein 
molecules (exopeptidase activity) was used for the estimation of its proteo- 
lytic activity. The optical density at 280 my was determined before and 
after incubating various ocular tissues with chymotrypsin. All samples 
were deproteinized as described under Methods, since the proteins will also 
absorb at 280 my due to their aromatic amino acid content. The results 
are expressed in terms of an increase in optical density at 280 mp, and no 
attempt was made to convert this into actual amounts of amino acid 
liberated, since equimolar amounts of different amino acids do not have the 
same optical density at this wavelength. 


The Table shows the values obtained after 10 minutes incubation of ocular 
tissues in the presence of chymotrypsin, as well as that of casein, a protein 
standard. 


TABLE 
PROTEOLYTIC ACTION OF «-CHYMOTRYPSIN ON SOME OCULAR TISSUES 





Ocular Tissue Increase D2g9/mg. Protein/10 min. 





Lens Homogenate | Rabbit .. oi a 0-02 
Ox a aie Si 0-06 





Vitreous Humour | Ox .. .. af Ht 0-24 





0-25 





Aqueous Humour i oe, PS 0-16 





Casein .. oe ei a “e os 0-13 








It can be seen that a fairly rapid breakdown of proteins occurs in all the 
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tissues which have been investigated, and that this reaction proceeds lineariy 
with time (Figure). 


0:-8- 
o——e VITREOUS HUMOUR 
o——O AQUEOUS HUMOUR 
X-———X LENS HOMOGENATE 
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FiGureE. — Proteolytic activity 
of chymotrypsin. 
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It appears from these results.that the effect of «-chymotrypsin is not 
restricted specifically to the zonule as has been suggested by some authors, 
and it is clear that the enzyme is capable of attacking other structures such 
as the vitreous body. It is, however, possible that the injection of the 
chymotrypsin locally over the relatively large surface of the zonule and its 
rapid removal by washing out, restricts its action mainly to this structure. 


SUMMARY 


The proteolytic action of a-chymotrypsin on various ocular tissues has 
been investigated. It has been demonstrated that aromatic amino acids are 
liberated from the proteins in the aqueous and vitreous humours as well as 
lens homogenates after incubation with this enzyme. 


I should like to thank Sir Stewart Duke-Elder for advice and encouragement in this work, 
Prof. Norman Ashton for examining some preparations of the zonule under the phase contrast 
microscope, and Miss Andrea Read for technical assistance. 
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CORNEAL VASCULARIZATION AFTER CATARACT 
EXTRACTION BY ZONULYSIS* 


BY 


D. W. HILL 
St. Bartholomew’s Hospital, London 


CATARACT extraction, after the zonule has been dissolved by the action of 
the enzyme alpha-chymotrypsin, is a new procedure of great potential value. 
The parenteral use of this enzyme to reduce inflammatory reaction and 
assist the absorption of haematomata has been described (Fullgrabe, 1957). 
The application to cataract surgery is the result of work by Barraquer on the 
local effects of the enzyme injected into the eye. Several published papers 
(Barraquer, 1958a; Remky, 1958; Walser, 1958) indicate good results from 
extensive clinical trials; no specific post-operative complications are recorded. 
This case is presented because of the practical and theoretical interest of the 
complication encountered. 


Case Report 
A male aged 31 was referred by his refractionist to the hospital in February, 1953. 


Examination.—He had well marked retinitis pigmentosa with early cataracts. The 
visual acuity was 6/24 in the right eye with -5 D sph., —4 D cyl., axis 20°, and 6/36 in 
the left with -9 D sph., —0-5 D cyl., axis 180°. 

He attended at intervals, until in November, 1957, his best vision was 3/60 right and 
left, and it was decided to perform a left cataract extraction. He had poorly reacting 
irregular pupils with some iris atrophy but no synechiae, and posterior cortical lens 
opacities in the axial regions. : 


Operation.—On January 22, 1958, a left intracapsular cataract extraction was per- 
formed (by D. W. H.) under local anaesthesia; the zonule was tough, but the cataract 
was removed with capsule apparently intact. 


Operative Details.—Retrobulbar and instillation anaesthesia, facial nerve block, pre-placed 
McLean corneo-scleral suture, von Graefe’s knife section, peripheral iridectomy, extraction by 
“tumbling” with Castroviejo’s cross-action forceps and Arruga’s expressor, wound toilet, 
conjunctival sutures. 


Result.—At first dressing the anterior chamber was re-formed though shallow; a small 
hyphaema cleared rapidly. The patient was discharged on the 13th post-operative day; 
atropine and cortisone drops were prescribed. A fortnight later the left eye was quiet, 
and the corrected visual acuity was 6/18; the section was healed, but the iris was adherent 
to it between the 9 and 1! o’clock meridians; the pupil was oval and stuck to a thin glass 
membrane separating the vitreous from the anterior chamber. 
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Second Operation.—On March 14, 1958, a left capsulotomy was performed (by D. W. H.) 
with a Ziegler’s needle, and the glass membrane divided easily. There was no reaction, 
and 4 days later the visual acuity was 6/9 ptly with +9 D sph., +1 Dcyl., axis 10°. 

Encouraged by the result of the operation to the left eye, a right cataract extraction 
was planned. Alpha-chymotrypsin was then available, and the case was judged to be 
suitable on account of age and the difficulty of the previous operation. 

Third Operation——On September 10, i958, a right intracapsular cataract extraction 
was performed (D. W. H.) by zonulysis under local anaesthesia; the lens was extracted 
without difficulty. 

Operative Details.—The technique was identical to that of the previous operation ane for 
the actual extraction. After the peripheral iridectomy alpha-chymotrypsin was injected through 
the iridectomy and under the iris at 6 o’clock, between 0-25 and 0-5 ml. being used of a freshly 


made 1 : 5,000 solution, prepared from dried enzyme supplied for ophthalmic use. 3 to 4 minutes 
later the anterior chamber was irrigated with about 0-5 ml. Ringer’s solution contained in a 


separate syringe. The lens was grasped above with Arruga’s forceps and slid out easily. Pilo- 
carpine was instilled. 

Result.—At first dressing, after 48 hours, there was a marked reaction with lacrimation 
and corneal oedema; the anterior chamber was deep. The reaction settled steadily, and 
on the 14th post-operative day the eye appeared to be progressing satisfactorily. The 
patient was discharged on the 16th post-operative day; cortisone drops were prescribed. 

On October 10, 1958 (a month post-operatively), the eye was still sensitive to light, 
though the anterior chamber was quiet. The section was healed, but the iris was adherent 
in two places. Slit-lamp examination revealed fine deep new vessels growing into the 
cornea from the whole of the cataract section; they had advanced about 2 to 3 mm. on 
the temporal side, and rather more on the nasal side. Oculent. Hydrocortison. (B.N.F.) 
was prescribed, which the patient has continued to use three or four times a day up to 
the time of writing. 

On October 31, 1958, the vessels showed little change apart from an. advance on the 
nasal side where they had turned downwards below the horizontal meridian. The visual 


acuity was 6/12 with +9-5 D sph 
On November 21, 1958, the temporal vessels had advanced, the nasal were stationary, 


and those above were beginning to regress; a careful assessment of the plane of the 
vessels showed them to lie deep in the substantia propria in front of Descemet’s membrane. 

On December 12, 1958, 3 months after the operation, the condition of both eyes was 
reviewed. The corrected visual acuity in each eye was 6/9, both eyes being white and 
quiet, sections well healed, tension normal, fundus appearances of advanced retinitis 
pigmentosa, and grossly contracted peripheral fields. 

The left eye (first extraction) showed an anterior synechia between the iris and section 
occupying the arc 9 to 11 o’clock; there was no corneal vascularization. 


The right eye showed a thick anterior synechia on the nasal side at 2 o’clock, and a 
temporal synechia between 10.30 and 11.30 o’clock; gonioscopy confirmed these findings, 


and revealed an additional diaphanous synechia, arising from the iris behind the iridec- 
tomy, and occupying the arc 12.30 to 1.30 o’clock. Many deep vessels, visible only on 
slit-lamp examination, were seen to have invaded the cornea from the cataract section 
(Figure, opposite); those above were empty, but circulation of blood could be detected in 
the nasal and temporal groups. The cornea was of normal thickness, and there were no 
opacities nor oedema. 


Discussion 
The factors responsible for corneal vascularization were reviewed by 


D. G. Cogan (1948, 1949), who advanced the theory that the immediate 
cause was corneal oedema, which reduced the mechanical barrier to the 





CORNEAL VASCULARIZATION AFTER ZONULYSIS 


12 o’clock 


Ficure.—Extent of corneal vascularization and its relation to 
iris synechiae on December 31, 1958. 


The upper part, a diagram of the cornea, is projected upon a transposed gonioscopic view below, 
so that the nasal and temporal sides of the two parts of the Figure correspond. 


penetration of vessels by opening the spaces between the corneal lamellae; 
he drew attention to the fact that vascularization occurs only when the 
oedema has reached the limbus at some point, thus emphasizing the 
mechanical nature of the process. Meyer and Chaffee (1940), investigating 
the barrier to vascularization in the normal cornea, demonstrated the 
presence of a hyaluronic acid ester in the corneae of cattle; injections of a 
preparation of hyaluronidase into the cornea produced vascularization, 
which was prevented if the enzyme was first inactivated. 
Alpha-chymotrypsin is a proteolytic enzyme, extracted commercially from 
bovine pancreas; though similar to trypsin it attacks different peptide 
linkages. Previously reported experimental and post-operative studies 
suggest that within the anterior segment of the eye it acts specifically upon 


the zonule, a specificity difficult to reconcile with its natural function as a 
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pancreatic digestive enzyme. Possibly the fibres of the zonule are mor: 
susceptible than other ocular structures on account of the relatively high 
ratio of their surface area to volume, permitting more rapid enzyme action. 

In the case reported in this paper, the sequence of events, a marked 
reaction with corneal oedema maxima) at first dressing and then subsiding, 
indicates that some factor at operation was responsible. This type of post- 
operative reaction is often associated with prolonged or rough intra-ocular 
manipulation, but in these cases corneal vascularization is not usual. If 
enzymatic digestion of the tissues of the cornea had occurred, then on the 
basis of D. G. Cogan’s theory vascularization might be expected, especially 
as vessels would have been presented to the cut edge of the cornea by the 
adherent iris. That the iris synechiae were of themselves insufficient to 
cause vascularization, is clearly demonstrated by the fortuitous control 
experiment afforded by the previous cataract extraction on the other (left) 
eye. This extraction also demonstrated that the basic operative technique 
could not be blamed for the vascularization. 

An attack on the cornea by the enzyme might have been due either to 
faulty technique or to lack of purity of the enzyme preparation. J. E. H. 
Cogan (1958) advises injecting 0-25 ml. of the enzyme, rather less than was 
used in this case; however, the amount used by Barraquer (1958b) is not 
reported, and the communication does not suggest that it is critical. The 
technique adopted by Walser (1958) also differs from that of J. E. H. Cogan. 
The preparation of alpha-chymotrypsin used in this case was not of the 
brand used by Barraquer, but the manufacturers claim it to be of similar 
purity and efficacy; they discount the possibility of its containing any 
hyaluronidase, which is known to attack the corneal ground substance 
(Meyer and Chaffee, 1940). Newell (1958), commenting on Barraquer’s 
communication, warns of the possible contamination of the enzyme with 
trypsin, which would have a deleterious effect on the eye. J. E. H. Cogan 
(1958), in common with the continental authors, advises multiple postplaced 
(i.e. after the cataract section) corneo-scleral sutures, presumably to ensure 
firm wound closure; this practice which is routine in some continental clinics 
has its own complications and would not seem to be essential to the technique 
of zonulysis if, as is claimed, the enzyme attacks the zonule only; it should 
be sufficient to close the wound by the method which the operator finds 
satisfactory in his routine intracapsular extractions. 

The experience of this case suggests that alpha-chymotrypsin occasionally 
attacks the cornea, with consequent vascularization to which iris synechiae 
may contribute. It appears unlikely that there will be any serious inter- 
ference with visual acuity in this case, but it is too early to pass a final 
judgement on this point. It might be wise to modify the operative tech- 
nique, using the minimum quantity of enzyme and washing out the anterior 
chamber more thoroughly: careful wound closure is also necessary to avoid 
the risk of iris synechiae. 
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CORNEAL VASCULARIZATION AFTER ZONULYSIS 
Summary 


(1) A case of corneal vascularization following cataract extraction by 
zonulysis is described. The other eye which had had a routine intra-capsular 
extraction served as a control. 


(2) The mechanism of corneal vascularization and its relation to enzymatic 


zonulysis in this case is discussed. 


(3) Steps to minimize the risk of this complication are suggested. 


I wish to thank Mr. H. B. Stallard, under whose care the patient has been treated, for permis- 
sion to operate and to publish this case, and for his advice and encouragement at all stages. 
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SOME OBSERVATIONS ON THE USE OF 
CHYMOTRYPSIN* 


BY 


H. CAMPBELL ORR 
Wolverhampton 


I AM unfortunately not one of those who can say “I always do an intra- 
capsular extraction”, or even that I always try an intracapsular extraction, 
because I think some cases are safer and better with an extracapsular 
extraction of cataract. 

After the history has been noted, each case is carefully examined with the 
slit lamp and a decision is taken which operation will be best for that par- 
ticular case. Thus a simple uncomplicated cataract is usually extracted with 
Arruga’s forceps, but a hypermature or intumescent lens is extracted with 
an erisophake. 

When chymotrypsin was first introduced Dr. J. Barraquer very kindly 
sent me some together with a copy of his paper on the subject. Being rather 
sceptical, I decided to try it first on complicated cataracts in which the hope 
of success was not very good, and thereafter I tried it on uncomplicated 
cases. 

Of fifteen complicated cases, six lenses were removed by the erisophake, 
one by vectis, and eight by Arruga’s forceps. In one case there was a small 
loss of vitreous. Healing appeared to be more rapid than expected and. 
there was less disturbance or reaction in the eye than usual. The visual 
result was as good as could possibly be expected in each case. 

The following notes on 35 uncomplicated cases may be of interest. In 
one case, the suction pump of the erisophake failed but the lens was extracted 
by Arruga’s forceps without difficulty. In asecond case operated on with the 
erisophake, the capsule ruptured and the operation was completed with a 
vectis without vitreous loss, but some lens debris still remains in the pupil 
area. 

One patient developed influenza, with post-operative iritis, but a good 
degree of visual acuity was obtained after treatment. Another developed 
an iris prolapse 3 days after the operation and died a few days later of 
coronary thrombosis. 

In 33 of these uncomplicated cases the lens was delivered by Arruga’s 
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forceps without difficulty, and the visual acuity (corrected) was 6/18 in one 
case, 6/12 in two, 6/9 in three, and 6/6 in the remaining 28 cases. 


In one case attempted by an assistant, suction was lost and the lens had to be 
recovered from the vitreous with a vectis. Some vitreous was lost and, as the 
patient was a diabetic, healing has been unsatisfactory and no visual improvement 
has been obtained. 

The result of my trial of chymotrypsin is that I now use it in all intracapsular 
extractions. The solution is injected through the peripheral iridectomy under the 
iris on each side. When the patient was young (one—32, one—33, one—44) I 
was inclined to wait more than 3 minutes and when the patient was old less than 
3 minutes for the solution to act. If the patient has not had curare or some other 
muscle relaxant, the pupil tends to contract a little when the chymotrypsin is 
injected, but not enough to cause any real difficulty. With Arruga’s forceps the 
capsule may be picked up at the upper pole and the lens glides out through the 
pupil, traction seldom being necessary. It is desirable to keep up counterpressure 
with Wilson’s cataract expression hook about the equator of the lower part of the 
globe while the capsule is grasped; otherwise the lens may fall back into the 
vitreous. 

After operation there is less disturbance of the tissues and healing appears to 
be more rapid. Striate keratitis is common but it clears up rapidly, and I am 
not sure that this is not due to the soft eye produced by anaesthesia to facilitate 
operation rather than to the chymotrypsin. 

In no case operated on since these figures were analysed has any complication 
arisen as a result of the use of chymotrypsin, but I feel that several cases would 
have presented serious difficulties without it and that it is especially valuable in 
treating younger patients. 





Brit. J. Ophthal. (1959) 43, 332. 


EPIPHORA DUE TO WEAK LID MUSCLES* 
BY 


H. BASIL JACOBS 
London 


IN a series of about 350 cases of epiphora referred to a special clinic for 
investigation, fourteen appeared to be associated with weakness of the orbicu- 
laris oculi, and were benefited by exercising the lid muscles. 


PHYSIOLOGY 

The concept that weak muscles may play a part in the causation of watering 
of the eye is based on the belief that the action of the orbicularis oculi plays 
a signal role in tear drainage. Since there is no wide agreement on this 
subject a review of the relevant theories is justifiable. 

The tears are conducted from their main site of formation in the upper and 
outer part of the conjunctival sac to the inner canthus by capillary action. 
This is made plain by watching the spread of a drop of fluorescein instilled 
into the conjunctiva: it spreads immediately from one canthus to the other. 
It is not necessary to invoke the massaging action of the lids, but it is required 
that they should not be so slack that pooling can occur in the lower fornix, 
thus nullifying the capillary properties of the tears. 

The mechanism of tear drainage from the puncta to the nose by way of the 
canaliculus, lacrimal sac, and naso-lacrimal duct has been the subject of 
much theorizing but little experiment. The results have been variable and 
contradictory, and often more significance has been read into them than was 
perhaps justifiable. The theories which have been put forward fall into two 


groups: 


(A) In which the action of the orbicularis oculi is NOT invoked 


(1) Siphonage —This was postulated by Petit (1734) as a possible mechanism 
for the flow of tears from the conjunctival sac to the nose, the siphon tube being 
the whole naso-lacrimal pathway. It is impossible to disprove this theory, but it 
seems unlikely that a continuous column of tear fluid exists in the entire tear-way. 
If siphonage does occur, it must be subsidiary to another mechanism. 


(2) Capillarity—This was thought to be important by Molinelli (1773), and 
possibly functions in conjunction with the action of the orbicularis muscle. How- 
ever, at the lower end of the naso-lacrimal duct, capillarity would tend to prevent 
the tear flow of tears into the inferior meatus. 





* Received for publication April 1, 1958. 
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(3) Gravity.—This is not essential to the flow of tears, as epiphora does not 
occur in subjects who are lying with their heads horizontal or even upside down. 
However, it has been shown that the flow of tears is faster when the head is vertical. 


(4) Aspiration from the Nose.—This idea was suggested as a possible mechanism 
by Hunauld (1738), and many authors have favoured it. However, it has been 
shown that the necessary negative pressure to aspirate tears does not develop in the 
nose. 


All the above theories seem to be made less cogent by the fact that epiphora 
occurs when the orbicularis oculi muscle is paralysed. The first three mechanisms 
described may play some part in tear drainage since they reflect the physical pro- 
perties of a fluid in a tube system, but they are unlikely to be major factors. It is 
only exceptionally that tears will drain in the absence of lid action (Schirmer, 
1903; Hoppe, 1909). 


(B) In which the action of the orbicularis oculi IS invoked 


(1) Lacrimal Sac Theories.—These have been put forward by many authors 
who demonstrated a rise in pressure in the lacrimal sac on blinking (Arlt, 1855; 
Weber, 1863; Rochat and Benjamins, 1915; Frieberg, 1917). It was postulated on 
anatomical grounds (Hyrtl, 1833; Schirmer, 1903) that tear flow was associated with 
a dilatation of the sac; an extension of this hypothesis was that the upper palpe- 
bral portion of the orbicularis was responsible for dilatation of the sac and Horner’s 
muscle for its compression (Henke, 1858). There is no proof of this, however, 
and Rosengren (1928) maintained that the anatomy of the region was so complex 
that it might be interpreted as supporting any theory; any such anatomical evidence 
can give no support to the importance of the sac in tear conduction. Rosengren 
further stated that pressure changes in the sac were so small and variable as to 
be inconsiderable. In his own experiments, he explained the rise and fall of pres- 
sure in the sac on blinking as being secondary to a pumping action of the canaliculus 
and to a passive dilatation of the sac respectively. The persistence of the pressure 
rise in the sac was said to be due to a valve action at the entrance of the canaliculus, 
a fall in pressure occurring if this valve did not work. More recent research 
(Ploman, Engel, and Knutsson, 1928; Ploman, 1930) has shown by radiological 
volumetric experiments that there is a diminution in the volume of the sac on 
winking which becomes more marked on forcible contraction of the orbicularis. 
This was shown (radiologically) to occur in the lower part of the sac, there being 
an indefinite enlargement of the upper part. The changes were equivalent to a 
tise in the level of from 0-5 to less than 2 mm. (average 1 mm.) in an 0-1-ml. 
capillary tube 225 mm. high (i.e. the changes were small). The view that the dilata- 
tion and compression of the upper and lower parts of the sac in an alternating 
and reciprocal fashion is of much importance in tear conduction is also to be 
doubted on the ground that when the lower part of the sac is compressed there is 
no more reason for tears to go down (the upper part being dilated) than up. 
Gravity is unlikely to be important in so narrow a duct, as capillarity will tend to 
work against it. An additional reason for doubt is that drainage can occur when 
the action of the sac has been destroyed surgically. Although it is certain that 
these changes in volume do occur, it should be remembered that “the incidental 








334 H. BASIL JACOBS 


effects of mechanical arrangements may be mistaken for functional necessities” 
(Proetz, 1953). Rosengren’s careful experiments on pressure changes in the sac 
weigh heavily against the lacrimal sac theory. 


(2) Canaliculus Theories.—These date from a suggestion of Richerand (1802). 
A peristaltic action (Béraud, 1856; Schirmer, 1903) and a compression during 
blinking (Foltz, 1860; Schirmer, 1903) were proposed as possible mechanisms. 
It was further suggested (Frieberg, 1917) that an increase in girth of that part 
of the orbicularis oculi which surrounds the canaliculus might press upon it and 
expel its fluid content into the conjunctival sac. Between blinks the canaliculus 
would dilate and suck tears in from the conjunctival sac. This author thought that 
there was a valve at the punctum to prevent regurgitation, but there is convincing 
evidence to the contrary (Ashikaga, 1922, Rosengren, 1928). Foltz (1860) thought 
that there were valves at the ampulla and at the entrance of the canaliculus into the 
sac, but there is no evidence in support of the presence of true valves. Rosengren 
performed experiments on animals (calf, pig, and sheep) in which he intubated the 
canaliculus and lacrimal sac, the latter in a backward direction from the nose, 
and recorded the pressure changes within both these organs. He concluded that 
tear drainage depended on the action of the orbicularis on the canaliculus, or on the 
canaliculus and the sac, and that gravity also played some part. Inclinical experi- 
ments on man, using similar techniques, he made the following observations: 


(a) variable changes in pressure occurred in the lacrimal sac on blinking; when 
the catheter was near the sinus of Maier rises in pressure were recorded; 


(b) pressure increased in the canaliculus on blinking. 


He concluded, therefore, that fluid was sucked into the canaliculus between 
blinks and.expelled into the lacrimal sac during blinking. He did not consider 
gravity to be important in man because of the narrowness of the passages. 

Experiences with dye tests indicate that when the orbicularis is forcibly contracted 
there may be some regurgitation into the conjunctival sac, and that there is no true 
valve mechanism at the punctum. Moreover, such a mechanism is not functionally 
necessary, for, even if some tear fluid regurgitated from the canaliculus into the 
conjunctival sac, drainage could still be adequate. Normally, little or no drainage 
of tears need occur, and even a somewhat inefficient valveless mechanism can 
suffice to conduct the normal tear secretion towards the nose. It is only when the 
tear secretion becomes excessive or the mechanism subnormally efficient that epiphora 
will occur. 

Against the canaliculus theory is the fact that tears may continue to drain 
satisfactorily after the posterior wall of the canaliculus has been removed. In the 
absence of the posterior wall of the canaliculus, the underlying tissues act as a 
point d’appui for the contraction of the rest of the canaliculus (Frieberg, 1917), 
and the considerable pressure that can develop in the conjunctival sac on blinking 
may be communicated to the open canaliculus. 


(3) Conjunctival Sac Theory.—This was first put forward by Petit (1734), who 
stated that a rise in pressure in the conjunctival sac on blinking was the propelling 
force in tear conduction. Rosengren (1928) confirmed the existence of this rise 
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in pressure, which is quite considerable, but did not think it to be of great signifi- 
cance unless the canalicular function were grossly impaired by a large three-snip 
operation. Duke-Elder (1938) suggested that the conjunctival sac pressure had 
normally nothing to do with tear conduction. 


In summation of the theories of tear conduction, it may be said that the 
weight of evidence, based chiefly on the work of Rosengren (1928) and of 
Rosengren and Kugelberg (1935), indicates that the mechanism is probably 
as follows: 


The tears are secreted by the lacrimal gland in the upper and outer reaches of 
the conjunctival sac, and there is then a capillary spreading so that the tear film 
forms a thin layer over the rest of the conjunctiva and menisci at the lid borders. 
At the inner canthus, the canaliculus sucks in tears between blinks and expels 
them into the lacrimal sac on blinking. This causes a secondary fleeting rise in 
pressure in the sac so that drainage down the naso-lacrimal duct tends to occur. 


CLINICAL REVIEW 


It is well known that epiphora can occur as an incidental feature in patients 
with Bell’s palsy, even though the punctum may remain in the normal 
position. However, it is not so generally recognized that epiphora may be 
due to muscle weakness. without obvious paresis. The clinical material on 
which this new concept is based is reviewed in detail below. 

Frequently, the basis of the diagnosis has been the patient’s failure to 
respond to accepted methods of treatment and the success achieved by therapy 
designed to improve the strength and tone of the orbicularis oculi. The 
patient is instructed to exercise the muscles by a slow sustained winking 
movement or a straining visual effort twenty times, three times daily. In 
some cases the treatment is continued for some months and, in one or two, 
it has been supplemented by faradism. It is important to avoid forcible lid 
closure, as the upper lid may catch behind the lower, everting the punctum. 

Fourteen cases are summarized in the Table (overleaf), in which standard 
classifications of the position of the punctum and the strength of the 
orbicularis muscle are used as follows: 


Position of the Punctum 
I. Normal. The punctum cannot be seen, even on elevation of the gaze. 
II. The punctum is visible but probably still able to effect the drainage of tears. 


III. The punctum is more everted and is probably unable to effect drainage of 
the tears. 


IV. The eversion is so marked that the punctum certainly cannot drain the 
tears efficiently. 


Strength of the Orbicularis Oculi—Dynamometric measurements of muscle 
strength in normal patients (Jacobs, 1954) gave average readings of 120- 
140 mm. Hg. 





H. BASIL JACOBS 


TABLE 
HISTORY AND RESULTS 


Watering Eye | Previous Position oneal, 
Treatment | Conjunc- of 4 
without tiva Punctum 


Side ~~ or Benefit (see text) 
| 


R. Probing and | White R. I 
syringing 


R. Probing and | Pink R. Il 
three syring- 
gings 


gn ag SA Slightly 
e ne- | pink 




















Five probings, | White 
many syring- 
ings, and 3- 
snip opera- 
tion 











Waitress : Six _ pressure 
syringings 


























Treatment at 
eye hospital 





Four syring- 
ings 



































House- Syringing Healthy 


wife 





Syringing and | White 


drops 


House- 
wife 








House- 
wife 


2-3/12 bem and | White 
drops 


| ee. 
| Syringing _) White 
| 





Civil ser- ; 14 Syringing and | White 
vant drops (only 
| slight bene- 


fit) 





House- | Both. Right 14/12 | Three syring- ) Very 
wife | worse and ings and Pri- lightly 
— | vine drops pink 
a 





| 4-5/12 Not noted Healthy R. I 
| a | 





* No dye test performed 
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1 
IN FOURTEEN CASES 





Strength of 


Exercises 





Orbicularis Oculi Initial 
mm. H. nite Syringin 
: ° Dye Test —— Duration 
R. L. (wks) 





Remarks 
Results 





120 112 Easy 6 


Cured Mother had had epi- 
phora 





78 84 





Almost normal 





Normal but digital 
pressure gave sense 
of weakness 


Improved. Fluores- 
cein drained norm- 
ally 





118 120 


Cured Mother had had epi- 
phora 





Poor drain- | Generally easy 
age 


Noepiphora. Fluo- | Watering of both eyes 
rescein drained | 5 years before had 
well settled spontaneously 
after 2 years 





Considerably better | Onset followed head 
cold 





Equivocal 




















R. Subjectively 
cured but dye test 
unchanged 

L. Cured and dye 
test normal 














Watering ceased Onset followed head 
cold with discharge 





from left eye 











Cured Worse in last few weeks 








* 


| 


Complained of redness 


and discomfort in right 
eye 


R. Better f 
L. Cautery to im- 


prove position of 
punctum 





age attend 


No drain- Failed to 
clinic 


9 mths later eye 





No drain- | Easy 13 


age 


Father and two siblings 
with epiphora. Fluor- 


escein drained well 6 
weeks after faradism 


No improvement 
(but see remarks) 


Very little epiphora | Father had had watery 





drainage with pressure 


R. No R. Patent 
L. Free L. Easy 


Much better Aureomycin 4-hrly for 
2 wks both eyes and 

Normal drainage Privine 4-hrly to right 
eye was followed by 
cure to left. 2 syring- 
ings gave no objective 
improvement 





eye 


80 | 92 Easy | | Almost cured | One sister had watery 





_——.. 


before treatment was started. 
3 
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DISCUSSION 
All the patients included in the Table were benefited by exercising the 


orbicularis oculi muscles. The facts concerning each case are indisputable, 
but the conclusion that the primary fault was a muscle weakness must be 
explored for fallacies. 

The improvement that follows treatment for any condition may be due 
to the treatment and its designed effects, the treatment and its incidental 
effects, and/or a spontaneous incidental cure. 

In these exercises for epiphora the designed effect is a strengthening and 
improvement in tone of the orbicularis oculi so that its pumping action in 
tear drainage may be restored to normal. 

The incidental effects include the restoration of a mildly everted punctum 
and the resolution of vascular stasis and oedema of the walls of the canalicu- 
lus and sac by the increased muscle action. Muscular activity favours venous 
drainage in other parts of the body, and is likely to have a similar effect 
in the tissues of the eyelid. 

The improvement may arise spontaneously, however, through the incidental 
cure of some unrecognized disorder; for example, a state of congestion and 
swelling hindering drainage at any point on the naso-lacrimal pathway. It is 
the writer’s impression that the site of entrance of the canaliculus into the 
sac is one such point and that the consequent difficulty of passing a probe 
may lead to an unjustifiable diagnosis of stricture of the canaliculus. Such 
swelling is also important in the confined space occupied by the naso-lacrimal 


duct. 


In the present series, Cases 1, 2, 5,6, 7,9, 10, and 14 all had a mild eversion 
of the punctum, but other patients are seen with an apparently equivalent 
condition who do not suffer from epiphora. This difference may be due to 
the failure or otherwise of the punctum in’ making contact with the tear 
film at some stage during the process of blinking. In these eight cases 
improvement followed the exercises, and it is legitimate to explain the 
improvement in terms of an improvement of muscle function. 

Case 4 reacted so dramatically to treatment by exercise and had made so 
little response to other measures over a period of years that her cure must 
have been due to an improvement in the function of the orbicularis oculi. 


Though it is possible that Cases 3, 8, 11, 12, and 13 improved because of 


some incidental effect or spontaneous development, the orbicularis exercises 
were followed by a satisfactory clinical response. 

The diagnosis of weak muscles is difficult and rests on a favourable re- 
sponse to exercises and the failure of other accepted methods of treatment. 
It was found that dynamometer readings of the strength of the lid muscles 
were not always helpful, as average or even high measurements were some- 
times obtained in patients in whom the muscle tone appeared to be deficient 
clinically. Lower lids that are pitched below the normal level or feel unduly 
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slack in tone, and puncta out of position are useful but not wholly reliable 
clinical guides. 


SUMMARY 


A review of the theories of tear drainage is given. Fourteen cases of 
epiphora that were benefited by exercising the lid muscles are described and 


discussed. 
Exercises were not found to benefit very elderly patients. 
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EPISKOPI BLINDNESS* 
HEREDITARY BLINDNESS IN A GREEK CYPRIOT FAMILY 


BY 


P. J. TAYLOR,t{i T. COATES,+ anp MURIEL L. NEWHOUSE 
Akrotiri, Cyprus 


THIs paper describes a familial blindness confined to the male members of one 
Greek Cypriot family group, most of whom live in Episkopi, a large mixed 
Greco-Turkish village on the south coast of Cyprus, 10 miles west of Limassol. 
The village has given its name to the cantonment of the Middle East Head- 
quarters a few miles away. 

The family tree was obtained from a series of interviews in the village and 
in Limassol, some conducted through an interpreter. Four of the children 
are at present in the Blind School in Nicosia, the fifth being below school 
age. The adults live either in Episkopi or in Limassol. 


Clinical Features 


The family tree (Fig. 1, opposite) extends through six generations in which 16 
out of a total of 38 males are affected. The family are aware that the disease is 
transmitted through the female line to about half the male issue, and a study of 


the family tree confirms this. 

Four of the affected males are dead, and eleven of the remaining twelve have 
been examined. 

Questioning the patients and a superficial. examination have uncovered no 
. evidence of other hereditary stigmata, nor is there sign of mental defect; indeed the 
occupations of the adult affected members range from that of highly capable 
trilingual telephonists to that of a useless village alcoholic. 

The normal pattern of events is that the child’s eyes appear normal at birth, 
although this has not been confirmed by medical examination, and that at about 
the age of 6 weeks the parents begin to suspect that he is affected. Nine of the 
eleven examined have followed this pattern and are said to have been blind since 
birth. Two have proved exceptions to this rule—one who was capable of reading 
large print with the right eye until the age of 13, having only perception of light in 
the left eye. Since that age he has been amaurotic. The other (Case 1), now 
3 years old, is able to find his way about the house, using his right eye, and he, too, 
has only perception of light in the left eye. 

Seven cases show a transverse corneal band about 1-5 mm. in breadth, traversing 
the equator of the cornea and extending well into the substantia propria. In the 
older patients this lesion is ill-defined, its borders having become fused with a 
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generalized corneal opacity. In the four younger members only one shows this 
transverse band. The colour ranges from lemon to white in the younger adults 
and to chalky white in the older adults (Fig. 2a-c). 


Fic. 2(a) and (6).—Case 7 (V, 6), showing transverse corneal opacity 
in the right eye in two directions of gaze. 


Fic. 2(c).—Case 11 (IV, 4), showing bilateral transverse corneal 
opacities blending with general opacity. 


Only one fundus was partially visible, and this was in the 3-year-old child (Case 1) 
who still has some vision in the right eye. The right disc was not seen, but the 
lower half of the retina was already degenerate with diffusely scattered spots of 
choroidal pigmentation. The left eye showed a retrolental opacity, but a red 
reflex was visible. In the only other patient with light perception (Case 3), the 
left eye showed a similar retrolental opacity with a red reflex. The clinical findings 
are summarized in the Table (opposite). 


Discussion 
The pattern of inheritance appears to be that typical of a sex-linked reces- 
sive condition such as is seen in haemophilia. One point, however, is 
probably worthy of note—of the seventeen females who have had male 
issue, thirteen have transmitted the defect; a higher figure than one would 


expect from the usual behaviour of a recessive transmission. On the other 
hand, of the thirty males at risk through their mothers, fifteen are blind— 
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TABLE 


CLINICAL FINDINGS IN ELEVEN CASES 
SYMPTOMS 
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the proportion expected. Not one of the blind males has had children. 
None is married, and this is believed to be due to prejudice. _ Indeed, it is 
said that the girls have some difficulty in finding husbands, although they 
are attractive and well endowed. 

Hereditary eye lesions may affect one or more parts of the anatumy of 
the eye; they may be present at birth or may appear later. This latter group, 
sometimes known as the abiotrophies, includes a large range of clinical 
syndromes, e.g. the corneal dystrophies, cataracts, retrolental lesions, and 
fundus lesions, such as retinitis pigmentosa and Leber’s optic atrophy. 

A hereditary transverse band-like corneal opacity has been reported by 
Streiff and Zwahlen (1946), who described three cases in one sibship, two 
female and one male, in which this was the only lesion. In our series the 
opacity was only one feature of what would appear to be a generalized pro- 
gressive degeneration of the ocular anatomy. We can find no report of a 
similar disease in the standard text-books of medical ophthalmology. 





P. J. TAYLOR, T. COATES, AND M. L. NEWHOUSE 
Summary 


(1) Six generations of a Greek-Cypriot family with hereditary blindness 
are described, of whom eleven blind males have been examined. 


(2) The pattern of inheritance appears to follow that of a sex-linked 
recessive condition. 


(3) The clinical features are described, a transverse corneal opacity being 
seen in many of the cases. : 


(4) All the affected adults are amaurotic. 


We wish to thank the Director-General, Royal Air Force Medical Service, and the Director of 
Medical Services, Cyprus, for permission to publish this communication. 

We should like also to thank J. S. Last, Esq., F.S.A., of Episkopi, without whose help this 
paper might not have been written, and Lt.-col. D. Jagger, R.A.M.C., for advice on the ophthal- 
mology. 
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CLASSIFICATION OF AMBLYOPIA* 


BY 
CARLO MAGGI 


Rome 


ALTHOUGH amblyopia was recognized in ancient times, it began to be treated 
only during the 18th century by Buffon (1746), whose pioneer work was not 
followed up because of the prevailing idea that squint was secondary to 
amblyopia, which was consequently thought to be essential and congenital. 

At the beginning of the 20th century the treatment of amblyopia by occlu- 
sion of the fixing eye was again attempted, but the numerous failures of 
occlusion treatment provoked the scepticism of most authors, until Chavasse 
produced a classification of amblyopia and its pathogenesis which is to a 
large extent still held to be valid (Lyle, 1950). 

Chavasse divided amblyopia into two main groups: amblyopia of arrest 
and amblyopia of extinction. 

Amblyopia of arrest was said to occur when a deviation occurred during 
the “plastic period of macular development”, from birth to 6 years, so that 
macular development in the deviating eye was arrested. The visual acuity 
was thought to be lost because it was believed that further development 
after the formative period, i.e. after the age of 6 years, was impossible, and 
that sight could therefore be recovered only to the point reached at the time 
when the deviation occurred. 

Amblyopia of extinction was said to occur when the visual acuity already 
developed was lost through inhibition and disuse, sight being a conditioned 
reflex depending on use to remain normal. Thus that part of the visual 
function which had not yet become an unconditioned reflex was irreparably 
lost and could not be recovered. As these theories became more widely 
recognized, greater importance was attached to the type of fixation present 
in the amblyopic eye, to which Worth had also previously drawn attention 
(Lyle, 1950). It was found that although occlusion was valuable in patients 
with central fixation, it was actually harmful to patients with eccentric 
fixation, and the treatment of amblyopia came once more to a standstill. 

More recently new techniques have been developed by Comberg (1936), 
Bangerter (1953), and Ciippers (1956), and the better results obtained have 
led to modern authors (Ciippers and Sévrin, 1956) to doubt Chavasse’s 
opinion on the amount of visual acuity recoverable. 





* Received for publication July 29 ,1958. 
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The idea that the arrest of macular function is the basis of the amblyopic 
syndrome is still accepted, though the importance of a changed spatial direc- 
tion is now recognized as well as the macular inhibition. 

This new spatial value may be the result of newly-formed inter-neuronic 
synapses (on the physiological basis formulated by Lorente del No, 1938), 
causing a new association between the macula and the cortex (Ciippers and 
Sévrin, 1956). 
































































































TABLE 
IMPROVEMENT IN VISUAL A 
Types of Amblyopia rae Age at i 
No. user’ 
— Squint Retinal Correspondence (yrs) (yrs) ae 
I Present Normal None — — Rit 
1 2 3 a 
2 1 10 a 
3 Birth 6 a 
4 Birth 5 < 
II Present Abnormal | High Grade 5 Birth 10 
Amblyopia 6 Birth 14 
7 3 6 
8 2 10 ie 
9 Birth 8 
10 4 9 
11 Birth 17 ‘i 
12 Birth 10 
13 3 7 ah 
Ill Present Abnormal | Low Grade 14 2 9 
Amblyopia 15 3 6 
16 4 10 ms 
Convergent 17 3 11 
IV Present Mixed Squint 18 3 18 
Divergent 19 4 12 ae 
Squint 20 4 8 
21 10 21 
Myopic 22 2 19 bee 
Anisometropia 23 3 9 aoe 
V Absent Normal — 
Hypermetropic 24 5 18 
Anisometropia 25 14 15 
26 9 10 
Manifest Devia- | 27 2 21 ag 
VI Absent Abnormal tion Reduced 28 2 5 ae 
| Spontaneously 
| 
VII ‘ai 
e:. 


Bilateral 29 Birth 12 
(operated cases of congenital cataract) 














We have adopted the method of Clippers: because of its practicability and 
physiological effectiveness. 
The present paper describes thirty cases selected from those treated by the 
after-image technique, which have been grouped so as to emphasize the 
physiological importance of the retinal correspondence with regard to 
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diagnosis and prognosis (Table). 
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Method of Classification 


We have classified them according to the type of retinal correspondence 
observed, exact information on this point being no less important than the 
type of fixation present. The retinal correspondence seems to be the only 
indication of the spatial value of the macula (i.e. the uniocular projection), 
the study of the fixation by means of the special ophthalmoscopes designed 
by Ciippers and Bangerter being often inadequate. 

We have observed that the fixation is always central if the retinal corres- 
pondence is normal—provided that the fixation target subtends a visual angle 
greater than the visual acuity of the observed eye (as in Groups { and V). 
This allows for differentiation between a true eccentric fixation and a condi- 
tion which is merely due to central suppression. These two types nearly 
always give an identical response on testing with the Visuscope, but in the 
case of central suppression the spatia) value of the macula remains un- 
changed, and the patient, although he can see the fixation star only para- 
macularly, is aware that the position of the star is eccentric to his visual 
axis. 

It would appear that the after-image transfer test of Brock and Givner 
(1952)—which we use to test the intensity of central suppression in ambly- 
opia—has the same significance, and in such cases (as in the above-mentioned 
examples in Groups J and Y) there must exist a normal retinal correspon- 
dence, the presence of which has already been determined by other means. 

Our method of performing the transfer test is to provoke a vertical after- 
image in the fixing eye and, using, for example, the amblyoscope, to ask the 
patient to fix a small point with the amblyopic eye. If there is intense cen- 
tral suppression, the patient will see the after-image (transferred from the 
now occluded normally-fixing eye) passing from side to side of the fixation 
point and superimposition will not be possible. This response indicates an 
inability to fix centrally, and the patient interprets the small lateral move- 
ments of attempted fixation as movements of the after-image itself. If, 
however, the small fixation point is exchanged for a circle of paramacular 
size, the patient now sees the after-image centrally superimposed, halving 
the circle vertically and remaining quite still. This indicates that the inability 
to fix centrally is due to central suppression and not to eccentric fixation. 

In cases of high-grade myopic anisometropia, or whenever the tests 
described are not conclusive, we resort to examination of the retinal corres- 
pondence with the objective after-image. The routine procedure described 
by Ciippers (1956) is carried out with young children, whose answers are 
unreliable, by means of the objective provocation of an after-image in the 
amblyopic eye with the Euthyscope, and of a linear after-image in the 
unaffected eye. If with this technique it can be demonstrated that the retinal 
correspondence is normal, even if it has been demonstrated as abriormal 
with other tests (“‘mixed correspondence”), it is certain that the uniocular 
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macular projection is correct and that the prognosis for the treatment of the 
amblyopia is good. 

The presence of normal retinal correspondence, even with obligatory 
central suppression, is proof of normal sensory conditions of spatial projec- 
tion, both uniocularly and binocularly. Successful treatment is guaranteed 
by these conditions, whatever may be the state of fixation in the amblyopic 
eye as observed with the special ophthalmoscopes. 

The contrary, however, does not always apply when the retinal correspon- 
dence is abnormal. Included under this heading is the classical type of 
high-grade amblyopia (Group JI) in which the eccentricity or lack of fixation 
is the expression of changed spatial values. 

Cases may also occur (Group III) in which, notwithstanding abnormal 
retinal correspondence and central suppression (which may show the charac- 


teristics of eccentric fixation on examination with the Visuscope), the spatial 
projection of the macula is normal. If an after-image is produced with the 


Euthyscope in the amblyopic eye, it is projected correctly on the fixation 
point (for example, a letter “E” which may or may not be distinguished 
according to the visual angle represented). On the other hand, if a macular 
after-image is provoked in the fixing eye also, and if both eyes are then closed, 
the two resultant positive after-images will be seen at a distance from one 


another, denoting abnormal retinal correspondence. These responses indi- 
cate that the macular projection in the amblyopic eye is abnormal in 


binocular vision but normal in uniocular vision, in spite of the central 
suppression. 


Our series of cases may therefore be grouped as follows (Table) : 


I. Amblyopia with strabismus and normal retinal correspondence. 


*If, High-grade amblyopia with strabismus and abnormal retinal correspond- 
ence. 


*III. Moderate amblyopia with strabismus and abnormal retinal correspond- 
ence. 


*IV. Amblyopia with strabismus and mixed retinal correspondence. 


V. Amblyopia without strabismus, due to anisometropia, with normal retinal 
correspondence. 


VI. Amblyopia without demonstrable strabismus, due to spontaneous reduc- 
tion of a manifest deviation. 


VII. Bilateral amblyopia. 


I. Amblyopia with Strabismus and Normal Retinal Correspondence.—No cases of 
this type are reported here, as they usually turn out to be due to neglected 








* Clinically all three of these groups may be diagnosed as ‘‘lack of normal correspondence” on 


the synoptophore. 
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accommodative strabismus, or to strabismus of late onset in which, owing to tie 
normal retinal correspondence, facultative macular inhibition is present when the 


macula of the other (fixing) eye is in use. 


Occlusion of the fixing eye is usually sufficient to restore normal visual 
acuity at any age. 


Il. High-grade Amblyopia with Strabismus and Abnormal Retinal Correspondence. 
(Cases 1-12).—These are usually squints of early onset (in the first 3 or 4 years of 
life), in which the system of spatial projection of the amblyopic eye has suffered 
profound changes in order to adapt itself to the abnormal conditions of the 
deviation. 

These changes, according to the description given by most modern authors, may 
be listed as follows: 


(a) Eccentric fixation with alteration of the spatial sense of the macula ; 

(6) Disturbances in sensory co-ordination, i.e. a deficiency in retinal separation and 
discrimination, and difficulty in orientation and form-sense, held to be of cortical 
origin, and known as “‘visual agnosia’’; 

(c) Arrest of macular development, with consequent modification of possible re- 
education, depending on the age at onset of the abnormal condition. 


The treatment of these cases which do not improve with occlusion of the 
fixing eye has been much advanced by the work of Ciippers. In such cases 
the retinal correspondence is always abnormal, a fact which we consider to 
be of primary importance and which we will discuss later. 


III. Moderate Amblyopia with Abnormal Retinal Correspondence (Cases 13-15).— 
In these cases the visual acuity of one eye is usually 6/36 or even more. In two of 
our cases eccentric fixation was diagnosed with the Visuscope, but in all of them 
the macular projection was normal uniocularly when the stimulus was objectively 
applied. , 

We treated these cases with the Euthyscope in conjunction with binocular after- 
image treatment in an attempt to restore normal retinal correspondence, a 
sensory guarantee that surgical treatment of the small angle of strabismus would 


be successful. 


In all these cases the amblyopia soon disappeared (which indicated that it 
was due to suppression), but the abnormal retinal correspondence persisted 
unchanged and the strabismus thus became alternating. 


IV. Amblyopia with Strabismus and Mixed Retinal Correspondence (Cases 16-21). 
—‘*Mixed retinal correspondence” means a functional association in which the 
correspondence is not firmly stabilized, so that it appears to vary with the method 
or time of testing. 


This is typical of divergent strabismus, whatever its aetiology, as in the 
three following cases in which the amblyopia rapidly disappeared and normal 
binocular vision was obtained after operation: 
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(i) Anisometropia in which the refraction of one eye differed from the other 
by an astigmatism of 9 D cyl. 


(ii) Slight myopia and moderate anisometropia. 


(iii) Corneal opacity caused by a burn at age 11. 


The cases of convergent strabismus in this class had a very small angle of 
deviation (5—10° degrees of convergence), and in all of them a marked motor 
deviation had occurred at about 3 years of age, and had then spontaneously 
decreased. 

To the relatively late onset and the variability in the angle of squint may 
be attributed the failure to establish an anomalous sensory adaptation with 
the fixity which the small angle of squint would normally permit. 

In these cases, therefore, the only advisable treatment is that designed 
to restore the visual acuity of the amblyopic eye. The success of the treat- 
ment appears to be uniocular ; if treatment is neglected at this stage it will 
later become more difficult, and perhaps even impossible, through the pre- 
sence of abnormal retinal correspondence. 


VY. Amblyopia without Heterotropia (Cases 22—26).—This is found in association 
with anisometropia, when the defective visual acuity is due merely to inhibition of 
the central retina caused by a stimulus originating in the contralateral macula to 
remove the troublesome image which prevents clear binocular fusion. 

If the anisometropia is hypermetropic, or only moderately myopic, there is not 
only normal retinal correspondence but also good fusion which may be demon- 
strated on the synoptophore. 

An indication of the presence of central suppression (of value in forming a 
prognosis and in deciding the type of treatment necessary) may be obtained by 
using the Visuscope, or, better, by the after-image transfer phenomenon as 
described by Brock and Givner (1952). 

As retinal spatial localization is normal, treatment offers no difficulties; in many 
cases occlusion of the bettér eye is sufficient. Nevertheless, treatment with the 
Euthyscope is necessary for older patients and in such cases may need to be pro- 
longed for 2 months or more before full success can be achieved. 

Myopic anisometropia of high degree, on the other hand, shows certain unusual 
characteristics. Since fusion is impossible and fixation very poor, it is often 
necessary to examine the retinal correspondence in order to detect the presence of 
heterotropia, the deviation being often undetectable by other means. 


In our two cases the correspondence was normal, but contrary to what 
might have been expected, we were unable to obtain any worthwhile improve- 
ment. Corneal contact lenses, and even the introduction of a Strampelli 
lens into the anterior chamber, had little effect on the amblyopia, and the 
prognosis in these cases appears to be poor. 


VI. Amblyopia without Demonstrable Strabismus (Cases 27-28).—If high-grade 
amblyopia is the expression of an altered spatial projection it must necessarily be 
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associated with a manifest squint. In some cases of squint the presence of dense 
amblyopia makes it difficult to determine the presence of a motor deviation on 
cover test, and the fixation (as determined by the Visuscope) may be so close to tiie 
fovea that the diagnosis remains uncertain, especially if some degree of aniso- 


metropia is present. 
In such cases no angle of anomaly is demonstrable by any method whatsoever, 
and even the state of retinal correspondence as tested with the after-image 


(produced with the Euthyscope) remains doubtful. 


The presence of abnormal retinal correspondence indicates a sensory 
disturbance which is always secondary to a motor deviation. 

Contrary to what might be expected, the anatomical correspondence of 
the two retinae brought about by the re-establishment of parallel visual axes 
does not lead to any improvement in the visual acuity of the amblyopic eye. 

These cases are strongly resistant to pleoptic treatment (possibly because 
they are usually first examined too late in life). 


















































VII. Bilateral Amblyopia (Cases 29-30).—This is generally caused by congenital 
cataract, and is held to be the classical type of amblyopia ex anopsia (of disuse). 

Recently, early operation has been advocated in the belief that the elimination 
of the optical impediment renders visual function possible and thus allows an 
improvement in visual acuity. 

However, the lack of improvement in most cases has led to the opinion that, 
even in this form of so-called “pure amblyopia’’, macular inhibition exists. 

It is difficult to explain this in cases of bilateral cataract, and to discover the 
origin of the stimulus to inhibition, given that, in cases of unilateral amblyopia 
associated with squint, the contralateral macula is considered to be the source of 
the inhibition. 

In cases of uniocular cataract in which operation has already been performed 
and a clear pupil obtained although the amblyopic eye deviates, the stimulus for 
macular inhibition is, at least theoretically, possible, haying its origin in the fixing 
eye. However, the visual acuity in the non-fixing eye is so poor that macular or 
retinal rivalry, which is held to provoke the inhibition, is absent. 

Furthermore, if the retinal correspondence in unilateral aphakia can be demons- 
trated with the Visuscope, it is found to be very uncertain and approximate. 
There is thus a definite parallel between the actual visual acuity of the amblyopic 
eye and the capacity for retinal correspondence; the higher the visual acuity the 
more definite the retinal correspondence (whether normal or abnormal). 

If it be admitted that retinoception is the basis of the visual process, the latter 
would be a conditioned reflex, the development of which is more or less advanced 
according to the density and type of obstacle caused by the cataract. 

Thus, in cases in which sight is reduced to perception of light, the retinoception 
develops in a rudimentary and approximate form. The position of the eyes 
depends more on the postural reflex (which is non-retinal) than on the fixation 
reflex, so that the clinical picture is that of the most severe type of bilateral ambly- 
opia, which does not respond to treatment. 

In less severe cases, the development of retinoception (the sensitivity of which 
increases progressively with the retinal value from the periphery towards the 
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macula) has to a certain extent taken place and is sufficient to allow the develop- 
ment of the fixation reflex, even if approximately and imprecisely. 

The greater the development of retinoception the better the capacity for fixation, 
and therefore also the better the macular or discriminative vision. 

It is in these cases that treatment with the Euthyscope is indicated so that the 
localization of the after-image along the spatial axis can allow the patient a degree 
of fixational control, apart from the fixation reflex. 

Thus, with the improvement in fixation, an improvement in visual acuity can be 
expected. 


Our experience, limited to two cases (both of which showed only slight 
improvement), is not sufficient to confirm factually this hypotheses on the 
pathogenesis of these forms. 


Physiological Bases of High-Grade Amblyopia 


From the observation of the cases concerned one factor of great import- 
ance becomes evident, i.e. the age of the patient at the onset of the devia- 
tion. 

In fact, of the seven cases with onset at birth or during the first few months 
of life, all experienced only a limited degree of improvement and none 
achieved a visual acuity superior to 6/36. Those cases which were of later 
onset all showed noticeable improvement, with the re-establishment of 
complete normality in a few instances. 

Of much less importance appear to be the angle of the deviation, the age 
of the patient when treatment is begun, and the length of duration of the 
deviation. 

Where the sensory association of the two retinae is concerned, it is found 
that the state of retinal projection varies according to whether observation 
is made during uniocular or binocular fixation. 

During uniocular fixation by the amblyopic eye, there is no suppression, 
but while binocular fixation is maintained there is macular suppression in 
the amblyopic eye. 

This may be verified by observing the absence of suppression of the 
Visuscope star in the amblyopic eye while the normally fixing eye is occluded, 
ey by comparing this with the result of the bi-macular fixation test described 

low. 


Bi-Macular Fixation Test.—In this test the Visuscope star is projected on to the 
retina of the amblyopic eye while the dominant eye fixes the reflection of a point of 
light seen in a mirror held by the patient against his nose. 

The retinal point in the amblyopic eye at which the star is seen by the patient as 
superimposed on the fixation light observed in the mirror will have the same direc- 
tional value as the fixing macula. If the central star disappears (the patient seeing 


only the illuminated background of the Visuscope), suppression must be present. 
24 
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As Fig. 1 shows, the area of suppression in the amblyopic eye during binocular 


fixation does not correspond with the macula, but with that part of the retina 
which has the same spatial value as the macula of the fixing eye. 


Meee enw -- -- 
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RIGHT EYE LEFT EYE 


Fic. 1.—Diagram to show the binocular projection in a case of convergent squint with amblyopia 
of the left eye, as determined by observation with mirror and Visuscope. 

In the right eye the (fixing) macula is coincident with the normal spatial axis, and is the dividing 
point of the right and left projection areas of the retina. 

In the left eye the line dividing the two areas of projection is displaced nasally. The shaded 
area in the centre represents the zone of origin of the new spatial axis which is approximately 
parallel with the other. Given the relatively high sensorial value of the retina there is suppression 
here, and the Visuscope star disappears 

The macula (inside the circle) is only inhibited, not suppressed, and the Visuscope star remains 
visible. 


Development of Abnormal Binocular Correspondence 


On studying the theory of the binocular sensory association of the two 
retinae in convergent squint, it is found that the non-fixing eye adapts its 
spatial projection in order to correspond with the correct localization of the 
fixing eye. 

The point which divides the new functional areas of nasal and temporal 
projection of the retina of the squinting eye, and which has the same spatial 
value as the macula of the fixing eye, becomes the spatial axis of the ambly- 
opic eye in binocular fixation. The position of all points in space is judged in 
relation to the spatial axis (which in the normally fixing eye originates at the 
macula), which in the deviating eye is parallel with and secondary to the 
spatial axis of the fixing eye. 

In other words it is as though images received by the non-fixing eye were 
projected in relation to the spatial axis of the fixing eye. 

Owing to the variability of the angle of squint, and to the notably inferior 
sensory value of the peripheral retina, the point of origin of this spatial axis 
is represented in the squinting eye by an area which becomes larger and less 
well-defined in proportion to the size of the deviation as the corresponding 
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retinal area concerned becomes more peripheral. This fact is recognized in 
orthoptic terminology as “‘crossing”’. 

Because of retinal rivalry, the visual acuity of the macula of the deviating 
eye is reduced by active inhibition whilst fixation is maintained by the other 
eye. 

When an oculomotor deviation exists without amblyopia, two types of 
uniocular retinoception exist ; a normal retinoception, which is present only 
during fixation with the same eye, and an abnormal retinoception, which is 
present only in conjunction with the normal retinoception of the contralateral 
fixing eye. If the deviating eye is amblyopic, the normal retinoception is 
deeply suppressed and the amblyopic eye is no longer capable of assuming a 
dominant role. 

Thus, of the two types of retinoception originally present in an oculo- 
motor deviation, in the amblyopic eye only the abnormal retinoception 
remains (and is always secondary to and dependent on the correct retinocep- 
tion of the fixing eye). 


The Amblyopic Eye in Eccentric Fixation 

When the fixing eye is occluded, compelling the amblyopic eye to fix for the 
first time, fixation is initially maintained by means of the anomalous retino- 
ception. Thus the uniocular fixation point of the amblyopic eye coincides 
originally with its spatial axis, which is eccentric to the macula and represents 
that retinal area which would correspond in binocular fixation with the 
macula of the fixing eye. 

However, owing to the occlusion of the fixing eye, the amblyopic eye is 
now compelled by necessity to seek to improve its visual acuity. 

Since the spatial axis is not as well defined as in the normal eye—in many 
instances it is at the optic disc—and the inhibition of the central retina has 
diminished on covering the normally-fixing eye, the fixation tends to become 
displaced in order to gain a retinal zone of higher sensory value (Fig. 2, 
overleaf). 

In brief, there is created alongside the principal directional axis a visual 
axis in strict antithesis to the former; thus the patient sees the image at a 
different point from that at which he localizes it. This circumstance is 
physiologically inacceptable and provokes an inhibition of the area of the 
retina extending from the anomalous principal projection axis which has a 
greater sensory value, i.e. towards the macula. 

As the macula in a range of 2 to 3° has an extremely high visual power, it 
is here that the inhibition reaches the value of absolute suppression (as may 
be determined by means of examination with the Visuscope). 

This macular suppression is the result of conflict between the anomalous 
retinoception (giving rise to central suppression originating in a stimulus 
from the fixing eye to prevent the confusion of images) and the new individual 
function of the amblyopic eye in the para-central retina (eccentric fixation). 
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Fic. 2.—Diagram to show displacement of the visual axis in the amblyopic eye towards the 
macular area in an attempt to improve its visual acuity in uniocular fixation. 

The right eye is occluded. 

The left eye is fixing uniocularly 

The spatial axis is parallel eo that of the fixing eye (abnormal retinal correspondence) and 
becomes the principal axis of the uniocular abnormal retinoception on occlusion of the fixing eye. 

The visual axis represents the direction assumed by the amblyopic eye in an attempt to improve 
its visual acuity, and fixation is maintained by the point of highest sensorial value outside the 
macular area, which is profoundly inhibited. The Visuscope star disappears inside the shaded 
area, which represents the area suppressed in uniocular fixation. 


It appears that this antagonism between the peripheral and the central retina, 
already noted by Burian (1947) in cases of squint, and by Swan and Laughlin 
(1944) and de Jaeger and Bernolet (1956) in amblyopia, is the conditioning 


factor of macular suppression. 

It is interesting to note, however, that occlusion or even enucleation of the 
normal eye merely stimulates the macular suppression and aggravates the 
anomalous condition of eccentric fixation. 

With the dissociation of the two components of vision—perception and 
discrimination, as de:cribed by Roelofs (1935)—the group of disturbances 
known as “motor incoordination” can be easily explained: the patient is 
merely seeing the image at a different point from that at which it is localized. 

Similarly, the difficulties of retinal separation can be explained: if it is 
difficult to localize one isolated point, how much more difficult must it be to 
localize and interpret one point selected from many others! 

It must be emphasized that, as sight is a reflex, the patient is obliged 
to rely upon his own sensations (among which the imperfect localization is 
predominant). And this incoordination cannot be corrected by means 
of the higher cortical faculties as the incorrect localization by now amounts 
to a conditioned reflex. 

During pleoptic treatment, in fact, the patient must learn to neglect and 
suppress the localization impulse from the peripheral retina in favour of the 
central visual impulse, aided by the macular impulse which is given to him 
objectively. 
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Practical Use of the Macular After-image in the Re-education of the Visual 
Reflexes.—The Euthyscope dazzles the extramacular retina and stimulates 
the macular area. 

Thus the inhibitory mechanism is actively reversed in favour of the macula, 
which has previously been inhibited, and the co-existence is provoked of the 
two basic functions of uniocular vision (perception and discrimination) now 
made independent and of necessity antithetic. 

Although the patient sees better within the area covered by the central 
after-image he is incapable of controlling it ; each time he attempts to change 
the position of the after-image, that is to control his fixation, he re-adopts the 
anomalous projection, and will see the after-image move away, always to the 
same side (in a convergent squint in a nasal direction), or else disappear 
altogether as it is overcome by suppression. 

The after-image represents not only discriminative or clear visual function, 
but also the spatial axis of correct localization. This correct localization 
exists only during the presence of the after-image and disappears together 
with it, because of suppression, being replaced by the renewed false localiza- 
tion which again becomes dominant. 

The removal of macular inhibition during treatment is thus only one stage 
(6/6 angular visual acuity with the E-test) toward the reversal of the spatial 
inhibition, and if treatment is now terminated the visual acuity will return 
to the original level, with the, prevalence of false localization and the 
associated duration of the inhibition. 

The characteristic type of fixation—nystagmus between the macula and 
the eccentric point of fixation—which is often observed in cases previously 
treated by occlusion of the fixing eye is also encountered in those patients 
who discontinue treatment at this stage. It seems to be the sign of con- 
tinuous attempts to gain macular fixation, frustrated by the dominant 
inhibition. 

After a long period of treatment, and almost always suddenly, there is a 
new improvement. The patient sees as much as 6/9 or 6/12 (cortical vision 
with Snellen’s chart); and on the synoptophore, where treatment is being 
carried out simultaneousiy with the constant presence of an objective 
macular after-image, a double spatial projection may be noted, manifested 
by uniocular diplopia in the amblyopic eye. 

During successive treatments the normal macular projection gradually 
predominates until the abnormal projection has completely disappeared. 

At this stage the visual axis and principal projection axis of the amblyopic 
eye once more coincide, and the inhibition maintained by the false localiza- 
tion is eventually overcome. 

Thus normal correspondence becomes dominant and the abnormal corres- 
pondence is now suppressed. The restored equilibrium is confirmed by the 
fact that the patient no ‘onger requires the after-image in order to see 
correctly, and the disturbances of coordination have practically disappeared. 
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The treatment of amblyopia, therefore, does not depend on the re-educa- 
tion of the altered retino-motor associations but merely on the reversal of 
the inhibition of normal retinoception. 

This reversal also means a re-establishment of normal retinal correspo.- 


dence (as long as both eyes are used together only during exercises at the 
objective angle of squint, and the non-corresponding points remain 


unstimulated). 


The amblyopic eye must remain constantly occluded. 


Visual Development with Regard to Prognosis.—If visual development in the 
normal child is studied, it is found that, although spatial projection develops 
during the first 3 months, the macula is not fully developed anatomically 
until 5 months, and only at one year does the visual acuity reach a grade 
attributable to the beginnings of macular function. 

A motor anomaly occurring at 3 months (during the “plastic period ” or 
period of formation of the retinoception reflex) would provoke a functional 
adaptation so well-established that the anomalous retinoception becomes 
fixed as normal function does in other cases. The inhibition in such a case 
is so profound that no after-image can be appreciated and the prognosis 1s 
consequently poor. 

However, among our successfully treated patients, is one with a constant 
squint and eccentric fixation which was reliably diagnosed by the age of one 
year. In this case, although the onset was very early, the abnormal condi- 
tion was not deep-seated enough to prevent its reversal by pleoptic treatment. 

The attainment of normal visual acuity seems to depend on the com- 
pletion of normal retinoception in the first months of life, although of 
course macular function is not yet active. In this case the fact that macular 
vision had not been used for 9 years did not prevent the assumption of full 
macular function after a few months of treatment, once normal retinocep- 
tion had been established. The normal retinoception, therefore, was of such 
maturity by the time the patient was one year old that the suppression 
caused by the abnormal sensory adaptation to the deviation proved 
amenable to treatment. — 

On the other hand, it is well known that the nature of the “fixity” of the 
striate area (which represents the cortical projection of the spatial value of 
the single retinal elements) is due to the precocity of the plastic formative 
period, both phylogenetically and ontogenetically. Moreover, the complex 
changes in the electro-encephalogram found by Dyer and Bierman (1952) in 
amblyopia, explained as signs of an alteration in the inter-neuronic associa- 
tion in a large portion of the cortex, also support this opinion clinically. 

The inhibition and the new association of the neurones (Lorente del No, 
1938) invest the whole striate area and are the basis of the amblyopic 


syndrome. 
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Thus the lack of macular function is only one consequence (and not the 
most important one) of amblyopia. 

If, therefore, the cure of amblyopia can be identified with the re-establish- 
ment of normal retinal correspondence (i.e. corréct binocular retinoception), 
only the surgical correction cf the deviation, by restoring parallelism of the 
visual axes, will allow a normalization of the binocular function. 

The spontaneous and continuous use of binocular vision is the best 
guarantee of the maintenance of the recovered visual acuity in the amblyopic 
eye. 

eis is obtained immediately after operation is fusion of the so-called 
“peripheral” type, as described by Lyle and Foley (1955). Since this type 
of fusion. appears to embrace small angles of deviation, we cannot tell how 
these patients behave with regard to binocular vision in every-day life; the 
cover test is difficult to interpret as there is a certain sluggishness of the fixa- 
tion reflex in the amblyopic eye. Examination on the synoptophore (with 
the help of objectively appiied after-images) shows perfect superimposition 
of the two images but little fusional amplitude. Obviously, given the early 
onset of the deviation in most of these cases, the reflex of fusional amplitude 
(being conditioned later by more complex visual needs in the normal child) 
cannot have existed in the altered biretinal association of the squinting 
amblyope. 

However, in our patients who recovered binocular function post-opera- 
tively, the fusiona) amplitude improved continually. When tested with the 
Polarized Television Trainer (Anderson, 1956), a binocular response was 
given, which supports our belief that true binocular function had been attained. 

We trained binocular vision after operation by various means: total 
occlusion of the amblyopic eye was discontinued while treatment on the 
synoptophore was carried out, and during homework exercises only. 

As binocular function became more stable, partial occlusion was applied 
to the lens in front of the non-amblyopic eye while these exercises were 
carried out. This partial occlusion was also discarded during treatment 
as soon as the patient could maintain simultaneous foveal perception. 

Among the cases of high-grade amblyopia, we had only two of this type 
(Cases 2 and 8 in the Table) where in spite of the early onset of tonic squint 
the recovered visual acuity has remained normal, or almost normal, after 4 
and 10 months respectively after the conclusion of treatment, and the fusional 
amplitude has continued to improve spontaneously. 

{n the other three cases (Cases 1, 7 and 10) where operation was refused or 
was not performed because of a satisfactory cosmetic appearance, a condition 
of relative alternation has developed. In these cases, of course, the “good” 
eye remains dominant, as the amblyopic eye maintains a tendency to suppress, 
and the visual acuity is inclined to deteriorate. Short periods of treatment 
by occlusion of the fixing eye have been necessary to maintain the standard 
of vision previously attained. 
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Conclusion 


In assessing the advisability of treatment in cases of amblyopia, an exami- 
nation of the retinal correspondence is of primary importance, and should 
be tested, to ensure accuracy, with an objectively applied after-image. 

The altered retinoception is the most important cause of defective vision 
in the amblyopic eye, and may be held responsible for inhibition of macular 
function, deficient form-sense, dissociation of the discriminative and localiz- 
ing functions of the retina (leading to spatial incoordination), and the lack 
of establishment of such important reflexes as uniocular fixation, conver- 
gence, and fusion. 

Treatment should aim at liberating from inhibition a sufficiently developed 
normal retinoception. 

The first and most evident sign of success is the recovery of a normal visual 
acuity. This leads to the re-establishment of correct retinoception and nor- 
mal retinal correspondence (or normal binocular retinoception) if parallelism 
of the visual axes is restored by surgery. 

It is only in conditions of simple sensory binocularity (as described by 
Winkelman, 1953) that one can hope to regain eventually all those motor 
and sensory fusion reflexes which together form the complex of normal 
binocular function. 


I should like to thank Professor Benedetto Strampelli for the facilities he has given me in 
carrying out this research, and for his permission to use his patients; also Dr. George Sévrin of 


Brussels for allowing me to follow his method of treatment; and Mr. T. Keith Lyle for his helpful 
criticism and suggestions. 
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SCLERAL BUCKLING OPERATION WITH ROLLED 
SCLERAL FLAP* 


BY 
Vv. CAVKA 


Belgrade, Yugoslavia 


AMONG the various operative procedures carried out for detachment of 
the retina, I propose to discuss only the methods of scleral buckling and 
scleral tucking with the various modifications which have been suggested. 
Weve (1950) was among the first to apply the scleral buckling method in the 
form of a circular and segmental shortening of the sclera. Everett (1955) 
followed with scleral tucking by the simple technique of scleral folding. 
Sturman, Laval, and Weil (1957) studied Everett’s method in the eyes of 
tabbits and were able to establish pathologically the formation of fresh 
granulations and early fibrosis between the scleral folds, so that complete 
fusion took place 12 weeks after the operation. 

These observations show ‘that Everett’s method of scleral tucking pro- 
duces shortening of the sclera and adhesion between the sclero-choroid and 
retina. As to retinopexia, Schepens, Okamura, and Brockhurst (1957) 
emphasize that the ordinary diathermy operation does not always give good 
results because visible tractions by vitreous adhesions to the retina prevent 
complete coaptation and perhaps cause fresh tears. For this reason these 
workers developed the method of scleral buckling, in which, after lamellar 
resection and excision of the lamellar scleral flap, a polyethylene tube is 
sewn in to indent the choroid and project into the vitreous cavity. In this 
operation the retinal tears are closed with diathermy electrodes. These 
authors also mention two other operative variations of scleral buckling, one 
without excision of the scleral lamella, and the other with a trap-door 
scleral flap but without the polyethylene tube. 

Dellaporta (1957) published particulars of a method of scleral buckling 
carried out on laboratory animals. In this case he prepared the scleral 
strip and stitched up with chromatized catgut after diathermy. 

Methods of scleral shortening are most often used in cases of detachment 
of the retina with extensive tears, in cases of multiple tears with cystoid 
degeneration of the retina, in cases of major disinsertion of the ora serrata, 
in relapses after diathermy operations, and in cases of pronounced shrinkage 
of the vitreous body with large retinal tears. 





* Received for publication July 22, 1958. 
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In performing the ordinary scleral lamellar resection in cases of retinal 
detachment and in high myopes, it was possible to establish by post-operative 
studies that the sutures give way, and that the sclera probably stretches. 
There were two such cases of high myopia where one operated eye revealed 
myopia of 19 dioptres and the other of 23 dioptres; 14 days after the operation, 
myopia decreased by 5 dioptres in the first case, and by 6 dioptres in the 
second with a resection of a scleral lamella 4 mm. wide. However, 6 weeks 
after the operation, the initial degree of myopia was re-established. In both 
cases the lamellar resection of the sclera was performed 10 to 14 mm. from 
the limbus and, although palpation revealed no stretching of the scleral 
edges, one could reasonably suppose that the sutures had given way or that 
the wound had stretched. 

For this reason we have modified the usual scleral lamellar resection so 
that the prepared lamella is put over the sclera after sewing up the scleral 
edges, and the flap is then sewn down closer to the limbus. This double 
fixation has proved advantageous not only in cases of retinal detachment but 
also in cases of high myopia. Although this operative modification does 
not strictly belong to the domain of scleral buckling, it is mentioned because 
the sutures may give way in any operation of this type. 

The scleral buckling operation was used in several cases of retinal detach- 
ment after it had been tried out on a number of laboratory animals. 


Method 


Under local anaesthesia, the lateral or medial rectus was resected according to 
the requirements of each case. The sclera was incised anteriorly and a flap 
5/6 of the scleral thickness was dissected backwards, the rest of the sclera being so 
thin that the choroidal pigment was clearly visible.. Besides the lengthwise 
incisions, crosswise incisions of the sclera were made 3 to 4-5 mm. in length, 
depending on how wide the prepared scleral flap was to be in each case. The 
crosswise scleral incisions were made in the middle and at the edges of the scleral 
flap (Fig. 1, opposite). 

After the scleral flap had been dissected up, mattress sutures were inserted. 
The threads were drawn first through the equatorial part of the scleral flap from 
the inside outwards, and then through the limbal edge of the scleral incision 
(Fig. 2, opposite). 

After diathermy the scleral flap was rolled back into a tube, the sutures were 
drawn taut over the rolled flap, and the knots were tied (Figs 3 and 4, opposite). 


Results in Three Typical Cases 


Case 1, a male aged 17, was admitted to hospital on February 3, 1958. One month 
before the vision had begun to deteriorate in the right eye, and the sight was also poor 
in the left eye. 


Examination.—In the right eye, the lens was clear and there were dustlike opacities in 
the vitreous body. The optic disc was normal, but the region of the macula lutea showed 
degenerative changes. From a distance of three pupil diameters from the temporal side 
of the macula lutea, a retinal detachment reached the region of the ora serrata upwards 
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Fis. 1.—Longitudinal and meridional scleral 
incisions: the dotted line indicates how far 
posteriorly the scleral flap is dissected back. 








Fic. 3.—Insertion of the mattress sutures Fic. 4.—Appearance of the operative field 
over the rolled scleral flap. after the sutures have been drawn taut and 
the knots tied. 


to 11 o’clock and downwards to 7 o’clock. At 8 o’clock, near the ora serrata, an 
elliptical tear was seen, one disc diameter long by 0:25 disc diameter wide. In front of 
this tear were three micro-ruptures of the retina, and the surroundings in a range of 
1-5 disc diameters showed cystoid degeneration. The visual acuity was 4/60 without 
glasses. The field of vision showed a defect in the nasal part. 

In the left eye there were dustlike opacities in the vitreous body, and the optic disc 
showed a narrow temporal conus. There were degenerative changes in the macula lutea. 
The visual acuity was 5/60, and with correction -3 D sph., -—1:5 D cyl., axis 180°, it 
was 6/18. 


Operation.—The procedure described above was carried out on the right eye on February 
9, 1958, in the area from 7 to 10 o’clock, and a scleral flap was dissected out to a width of 
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8 to 12 mm. _ Scleral buckling was carried out with the rolled scleral flap. Diathermy 
was applied to the tear with a perforating needle, and the remaining portion of the retinal 
detachment was treated with a non-perforating ball electrode. Post-operatively sys.emic 
and local antibiotics (penicillin) were used with local atropine and cortisone in addition. 


Result.—After 8 days the retina was found to be adherent but in the area of the scleral 
buckling one could see a fold in the retina elevated to 3 dioptres. The retinal tear was 
completely closed with chorio-retinal adhesions. After 20 days the retinal fold had 
considerably flattened, and one month after the operation it was scarcely visible. On 
March 9, 1958, the visual acuity in the right eye was 5/60, and with 1-5 D sph., -3 Dcyl., 
axis 180°, it was 6/36. The field of vision showed a considerable widening in the nasal 
portion. 


Case 2, a male aged 30, was admitted to hospital on March 8, 1958. In. April, 1957, he 
had been hit in the right eye by an air gun pellet, and the visual acuity had become much 
impaired. 

Examination:—The right eye showed vitreous opacities. The optic disc was normal, 
but beginning nasally from the latter a large retinal detachment involving the nasal half 
extended from 6 to 12 o’clock right up to the ora serrata. Between 2 and 5 o’clock was a 
large tear in the ora serrata and immediately in front of the latter four more small horizon- 
tal ruptures. In the area of the large retinal tear were adhesions of the vitreous to the 
retina. The visual acuity was 3/60 without glasses. The visual field showed a narrowing 
by 15° to 25° in the temporal part. 

The left eye was normal. 


Operation—On March 24, 1958, a scleral buckling operation was performed, the 
lamellar flap being prepared in the nasal part from 11 to 5 o’clock. Near the rolled 
scleral flap, perforating and non-perforating diathermy treatment of the sclera was carried 


out. 


Result.—8 days after the operation the retinal detachment was completely reattached 
and in the projection of the scleral buckling one could see a retinal fold elevated by 
2-5 dioptres. 6 weeks after the operation this fold was scarcely visible, the field of vision 
in the temporal part had widened by about 15°, and the visual acuity was 6/12 to 6/10. 


Case 3, a male aged 40, was admitted to hospital on February 7, 1958. On January 10, 
1958, he had been hit in the left eye with a piece of wood and since then had noticed 
deterioration of vision. 


Examination.—In the left eye the optic disc was normal, but in the upper half a retinal 
detachment with a large tear from ’11 to 1 o’clock was located at 3 disc diameters from the 
disc. 

The visual acuity was 6/36, and visual field considerably narrowed in the lower half. 


Operation.—On February 13, 1958, a scleral buckling operation was performed from 
9 to 3 o’clock with a rolled scleral flap 4 mm. in diameter; diathermy was applied to the 


sclera. 


Result.—The retinal detachment had considerably flattened 10 days later but was still 
present although the tear was practically closed. A retinal fold with a prominence of 
2-5 dioptres could be seen at the site of the rolled scleral flap. On March 15, 1958, the 
retina was quite reattached, though there was still a fold in the retina in the upper part 
between 9 and 2 o’clock. The visual acuity was 6/12 and the field of vision had widened 


by 15° to 20°. 
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Discussion 

Having described how a scleral buckling operation may be performed with 
a rolled scleral flap, we must emphasize that our aim was to form a rolled 
scleral fold from a flap which took in practically the whole scleral thickness, 
so that when the flap had been prepared, the pigmented layer of the choroid 
could be seen shining through it. One may therefore describe it as a total 
rather than as a lamellar resection of the sclera. 

In the first two of the three cases described, retinal detachment with 
multiple tears was present, and in the third case there was one large scleral 
tear. In all three cases, the operation was followed by a complete re- 
attachment of the retina, with improvement in visual acuity and in the extent 
of the visual field. The retinal fold which appeared in each case was more 
pronounced in the first post-operative days, and the pressure exerted on the 
choriod and retina undoubtedly had a beneficial therapeutic effect on the 
post-operative chorioretinitis in the area of the retinal tear. One month 
after the operation this fold had flattened out in all three cases. 

The method described above is useful in cases of retinal detachment with 
multiple tears or with large tears and disinsertion of the ora serrata; in cases 
of pronounced cystoid degeneration; in cases with multiple tears especially 
accompanied by high myopia; and in cases with adhesions of the vitreous 
body to the retina and large or multiple retinal tears. A retinal detachment in 
which no tear could be found might also present a further indication for its 
use. If degenerative changes are pronounced, not only in ‘the area of the 
retinal detachment but also in the other parts of the retina, then the scleral 
resection might be increased from 4 to 5 mm. in width. This wider resection 
of the sclera might likewise be used in cases of retinal detachment with high 
myopia, where cystoid degeneration of the retina is present as well as atrophic 
changes. 


Summary 

A new operative method of scleral buckling for use in cases of retinal 
detachment is described. After a practically whole-thickness scleral flap 
has been resected, it is dissected out to form a rolled scleral fold above 
which double’ sutures are inserted, drawn taut, and knotted. This method 
has been used in three cases of detachment, one myopic and the other two 
traumatic. In all three cases there was complete reattachment of the 
retina with improvement in visual acuity and enlargement of the visual fields. 
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SOLAR RETINITIS * 
BY 
L. P. AGARWAL aAnbp S. R. K. MALIK 
From the Department of Ophthalmology, All-India Institute of Medical Sciences, New Delhi, India 


SOLAR retinitis has frequently been reported after a solar eclipse (Wadensten, 
1947; Knudtzon, 1948; Flynn, 1952; Nirankari, 1954; Malik, 1957). Cases 
of solar burning can also arise at other times, when sun-gazing is practised 
as a misconceived therapeutic measure to strengthen the eyes (Tower, 1948). 
We have collected a series of 56 cases in this country, fifty eyes affected 
after a total or partial solar eclipse and six after sun-gazing. 


Material and Methods 

56 eyes of thirty patients with solar retinitis, who attended the S.N. Hospital, 
Agra, or the associated hospitals of the G.S.V.M. Medical College, Kanpur, or in 
private practice, were examined. 

A careful history was taken of the time spent gazing at the sun or solar eclipse 
as well as of the method used in looking at it. The subjective symptoms, refrac- 
tion, age, and ophthalmoscopic findings were recorded. 

Most of the patients were treated by retrobulbar injections of 1 ml. Priscol every 
alternate day. A total of ten or twelve injections was usually necessary. If 
both eyes were involved each eye was given a separate injection at one sitting. 


Observations 

The lesions were classified into four grades according to the ophthalmoscopic 
changes seen at the time of the first examination at the clinic soins I). 

Grade I: The macula was apparently normal. 

Grade IIT; The macula was congested and was surrounded | by an oedematous 
area of retina. 

Grade IIT: A greyish-white patch surrounded the fovea which was surrounded 
in turn by a black pigmentary ring. 

Grade IV: Macular cyst, macular hole, and gross pigmentary changes. 


TABLE I 
INCIDENCE OF VARIOUS GRADES OF SOLAR RETINITIS 





Grade 
Macular Lesion After 





Il 





Solar Eclipse .. a ay a 23 
Sun-gazing 6 id sey i 2 


Total .. ae # os Ba 25 
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The patients had observed the solar eclipse through crossed fingers, smoked 
glasses, dark plane lenses, shadow reflexion in a shallow metallic pot of water, 
and directly. There was hardly any difference in the lesion which could be 
attributed to the mode of observation. 

The symptoms appeared at various intervals, usually within 1 to 4 hours of 
looking at the eclipse. The onset was insidious in cases of sun-gazing, and the 
duration of the development of the symptoms could not be ascertained. 

The subjective symptoms varied and their severity bore little relation to the 
objective signs present. Some co: plained of a dazzling sensation, and clouding 
of vision was present in all cases, especially in the earlier stages. Metamorphopsia, 
micropsia, disturbance of colour vision, translucid scotoma, photophobia, and 
persistent after-images were commonly complained of, but none of these was 
universal. Most of the eyes in Grade III were those of patients who had seen the 
total eclipse of the sun, and those in Grades I and II were of patients who had 
observed a partial eclipse. 

Three patients who refused treatment but remained under observation are 
rather interesting as examples of the evolution and final pattern of the lesions. 


Case 1, a man aged 20 years, complained of photophobia, glare, and diminution of 
vision after looking at a partial eclipse. The macula was apparently normal, and he was 
advised to take the treatment for eclipse blindness to which he paid no heed; 4 days later 
the macular area was congested and red and was surrounded by an oedematous area of 
retina. A month later in the macular area there was a greyish-white patch surrounding 
the fovea which in turn was surrounded by a black pigmentary ring. He did not report 
for further observation. 


Case 2, a woman aged 35 years, Complained of a translucid scotoma when she first 
visited the hospital, and gave a history of having observed a total solar eclipse a month 
earlier. The macular area was congested and red and was surrounded by an oedematous 
area of the retina which was turning greyish-white. After about 2 months she had gross 
diminution of vision. The fovea was surrounded by a greyish-white patch, which in 
turn was surrounded by a-black pigmentary ring. She at length agreed to have retro- 
bulbar Priscol therapy but eventually progressed to gross pigmentary degeneration of the 
macular area with no visual improvement. 


Case 3, a man aged 23 years, was in the habit of sun-gazing. One day he saw a black 
spot moving in front of the right eye, which he used in gazing at the sun. A greyish- 
white patch surrounded the fovea, and around it was an oedematous area of retina pro- 
gressing towards pigmentary degeneration. It eventually progressed to an appearance 
of macular hole. 


Results of Treatment 


The response of cases treated with Priscol is summarized in Tables II and 
III (overleaf). 


Discussion 
Our cases are of interest as we have been able to observe most of them 


within a short time after exposure (not later than a week). Most of the 
patients had developed symptoms and perhaps signs within 4 hours of gazing 
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TABLE II 
RESPONSE TO RETROBULBAR PRISCOL THERAPY 





Number Number Response 
Refused Treated 
Treatment a ; 
Fair Failure 








10 46 20 8 

















TABLE III 
RESPONSE TO PRISCOL THERAPY ACCORDING TO GRADE 





Response 





Grade Number Treated 
Good Fair Failure 


2 Nil Nil 
15 7 Nil 
5 








12 














Total 4 “a 19 





at the sun during the eclipse. Nearly all the patients showed micropsia 
and metamorphopsia followed by blurring and misting of the vision. 
Some showed disturbance of colour vision and a large number had 
translucid scotoma (blurring in a particular area of visual field as if one is 
seeing through mist). In some cases absolute and/or positive scotoma 
developed later. 

The symptoms were closely related to the severity of the fundus lesion. 
In Grade I the usual symptoms were metamorphopsia, micropsia, photo- 
phobia, glare, and diminution of vision. In Grade II there was blurring of 
vision, fogging, and translucid scotoma. In Grades III and IV absolute 
and positive scotoma with gross diminution of vision occurred. 

From the cases observed it seems that the severe grades of solar retinitis 
had initially passed through milder grades, through the following sequence: 
Grade Ill 
Grade IV 
The three patients who refused treatment bear testimony to _ this 
assumption. Even some of those who were under treatment in Grade I 
and in whom the lesions progressed in spite of treatment followed the same 
sequence. However transitory the stages may be, the-lesions occur in this 


regular sequence. 

Three patients who had observed the eclipse with both eyes and had one 
amblyopic eye developed the lesion only in the non-amblyopic eye. This is 
rather difficult to explain. Has the amblyopic eye some resistance to the 


absorption of the visual energy, is there a lack of concentration of visual 


Grade | Grade Ng 





SOLAR RETINITIS 369 


energy at the macula due to the defective focusing mechanism, or does 
some special substance present in normal retinae but absent from amblyopic 
eyes absorb visual energy ? 

Birch-Hirschfeld (1904) was of opinion that both the visible radiation 
without infra-red rays and pure infra-red rays are capable of producing this 
lesion. Duke-Elder (1954) considers that the amount of active energy is 
in itself sufficient to produce this lesion, and that the harmful effects of these 
concealed visible rays are hardly ever realized during an eclipse. Our cases 
not only support the view of Duke-Elder but show that the severity of the 
lesion depends on the amount of visual energy absorbed. The cases which 
occurred after a partial eclipse were milder because the patient had less 
time to gaze at the sun and less visual energy was absorbed. The severer 
cases occurred after a total eclipse which permitted them to gaze at the sun 
for a much longer time. In considering the nature of solar retinitis, we feel 
that the solar energy excites an angiospastic phenomenon leading to micro- 
psia, metamorphopsia, and diminution of vision without observable macular 
signs. This leads to temporary ischaemia and exudation, and the constric- 
tion results in a dilatation of the peripheral capillaries creating a state of 
peristasis with the transudation of the fluid into the surrounding tissue. 

The diminution of vision in Grade I is probably due to a temporary 
lessening or cessation of the macular circulation leading to partial or total 
ischaemia. In Grade H the visual disturbance is associated with macular 
oedema, but the visual change is probably the result of continual vascular 
spasm and disturbance of nutrition. In these two grades gross organic 
changes do not occur and the pathology is reversible. Priscol therapy in 
these two grades gave good or fairly good results leading to the full restora- 
tion of vision. 

In Grade III the result of Priscol therapy was equivocal. More than 
half the cases showed no response, two cases resolved completely (13-3 per 
cent.), and five showed a fair degree of improvement (33-3 per cent.). The 
response to therapy could not be linked with apparent clinical changes at 
the macula, but the two cases which showed complete resolution were on the 
border line between Grades II and III. In some cases the organic changes 
in the retina are not so far advanced that reversal is impossible though 
clinically the accumulation of pigment may indicate otherwise. 

The results of Priscol therapy in all Grade IV cases were poor, the macular 
area having undergone ischaemic necrosis. 


Summary 
(1) 56 cases of solar retinitis were observed, six after sun-gazing and fifty 
after looking at a solar eclipse. 
(2) No unusual symptoms were recorded. 


(3) Four grades of solar retinitis were seen. 
» SBE, 
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(4) The severity of the lesion was dependent upon the amount of visual 
energy absorbed. 

(5) It is suggested that the amblyopic eye resists the visual energy stimulus, 
or else there is a lack of concentration of visual energy at the macular 


area either through a defective focus mechanism or through lack of the normal 
visual chemical substance. 


(6) The basic pathological defect in solar retinitis is probably identical to 
central angiospastic retinopathy, i.e. a vasospasm and diminution of retinal 
nutrition in that area cause ischaemia. 

(7) In all cases of Grades I and II and some cases of Grade III, the retro- 
bulbar injection of 1 ml. Priscol is the treatment of choice. Priscol probably 
acts by vasodilation and improves the nutrition of the retina. 
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CASE NOTES 
SUBCONJUNCTIVAL LYMPHOMA* 


BY 
B. M. CHATTERJEE 


From the Department of Ophthalmology, Institute of Postgraduate Medical 


cation and Research, Calcutta 


A LYMPHOMATOUS tumour, originating from primitive mesenchymal stem 


cells may be localized at one site or many, anywhere in the body, even in 
the bloodstream. It may arise from any existing lymphoid site in the 


body, nodal or extranodal, and also from areas where no known lymphoid 
tissue exists (Reese, 1951). 

Lymphomatous tumours often occur in the eyelids, lacrimal gland, orbit, 
and conjunctiva, but rarely in the iris, ciliary body, or choroid. In the 
conjunctiva a lymphoma may be malignant in the form of a lymphosarcoma 
(Duke-Elder, 1937). Simple lymphomata represent an extensive hyperplasia 
of the lymphoid tissue (Duke-Elder, 1937), and some authors believed that they 
were always associated with haemopoietic disease (Axenfeld, 1891; Meller, 
1906), while other authorities thought that they could occur independently 


of constitutional disease (Coats, 1915). 
Lymphoma of the conjunctiva often occurs with no evidence of consti- 


tutional disease in middle-aged adults; it is frequently bilateral and often 
symmetrical. Clinically, the tumours form a raised salmon-pink mass 
with a smooth overlying conjunctiva and a rather sharply demarcated border 


(Reese, 1951). 


Case Report 


A Hindu male, aged 50 years, was. admitted to the eye depart- 
ment of the Institute of Post-Graduate Medical Education 
and Research, Calcutta, February 13, 1958. About 3 years 
before, an insect accidentally fell into his left eye and severe 
inflammation was followed by complete loss of sight. For 
the last 24 years, he had noticed a gradual swelling of the 
left eyeball, and ultimately a big globular mass was occupy- 
ing the orbit, but without pain or tenderness associated with 
the mass. 


Examination.—The left orbit contained a very large irregular 
globular mass protruding forwards under the considerably 
stretched upper eyelid (Fig. 1). The lower lid was not 
stretched but was slightly everted and pushed downwards. 
The cornea was replaced by anterior staphyloma, the eyeball being proptosed and pushed 
downwards. The bulbar conjunctiva and upper lid were pink with prominent blood 
vessels, The sclera was not visible but a salmon-coloured mass of new tissue was covering 


: Fic. i: : 
Patient on admission. 
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the slightly proptosed eyeball under the bulbar conjunctiva. The mass extended 
upwards beyond the supericr orbital margin, and backwards into the orbit, being tightly 
wedged into the orbital opening. 

There was no ulceration or conjunctival discharge. There was no movement of the 
eyeball and the mass did not pulsate. 

On palpation the mass was soft and resilient without any tenderness, and the orbital 
rim could be palpated all round, and both lids were free and not adherent to the new- 
formed mass. 

In the right eye the visual acuity was 6/6 with a normal fundus, but there was also a 
small almond-shaped pinkish growth situated over the upper temporal quadrant of the 
eyeball, under the bulbar conjunctiva, and completely covered by the upper lid. There 
was no proptosis or limitation of eye movements and the patient was completely unaware 
of the presence of this second mass. 


Laboratory Investigations 

A skiagram of the left orbit showed sclerosis of the frontal and sphenoidal bones forming 
the roof of the orbit. 

The Wassermann reaction was positive, but the Kahn test was doubtful. The Wasser- 
mann reaction became negative after the injection of 10 million units crystalline penicillin 
daily for 10 days. 


BLoop PicrurRE:—Haemoglobin 13 g. per 
cent.; plasma cell volume 41 ml. per cent.; total 
leucocytes—7,200 per c.mm. (neutrophils 59 per 
cent., eosinophils 3 per cent., lymphocytes 34 
per cent., monocytes 4 per cent). 

Sternal puncture showed that the marrow was 
hypercellular: (blast cells 2 per cent., promyelo- 
cytes 4 per cent., myelocytes 10 per cent., meta- 
myelocytes 15 per cent., neutrophils 15 per cent., 
eosinophils 5 per cent., lymphocytes 9 per cent., 
plasma cells 1 per cent., proerythroblasts 1 per 
cent., early normoblasts 4 per cent., inter- 
mediate normoblasts 15 per cent., late normo- 
blasts 19 per cent.). 


\ 


General examination revealed no other 
abnormal condition, and the growth in the 
left orbit was diagnosed as a benign neo- 
plasm. Considering the colour and con- 
sistency of the new mass and the similar 
subconjunctival formation in the other eye, 
the neoplasm was provisionally diagnosed as 
alymphoma. A biopsy was taken from the 
left eye and the histological report was a 

: lymphoma (Fig. 2). 
See ee eee : : 5 As the left eye was already blind, an ex- 
Pr amutaernse cats tame pragpend enteration operation of the. left orbit was 
junctival epithelium. 10 x8. done on February 28, 1958 and the whole 
mass of growth with the eyeball was sent for 
pathological examination. As the lids were free from tumour they were retained. The 
wound in the orbit healed uneventfully and the patient was advised to have deep x-ray 


therapy. 
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PATHOLOGICAL REPorT: Macroscopic examination showed the tumour to consist.of an irregular 
oval mass, soft and resilient in consistency. The section showed that the mass encircled the 
eyeball almost completely except the cornea. The cut surface was pinkish in colour, with homo- 
geneous areas divided into irregular lobulated masses by fibrous septa. There were densely- 
packed masses of small mononuclear cells similar to adult lymphocytes traversed by bands of 
fibrous tissue. The cells were distributed indiscriminately, infiltrating the muscles and the 
orbital fat (Fig. 3), but not the eyeball (Fig. 4) or the optic nerve (Fig. 5). There was no tendency 
to the formation of lymph follicles, but mitotic figures were present. 


Fic. 3.—High-power view of new growth infiltrating extra- 
ocular muscles. (45 x 8). 


g i suse : aa = Ba a 

Fic. 4.—Low-power view of sclero-corneal Fic. 5.—Low-power view of the optic nerve 
junction, showing masses of lymphocytes on and nerve sheath. The new growth on the 
the left. The wall of the eyeball is not left has not infiltrated the sheath. (10 x8), 
invaded. (10 x8). 
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Diagnosis.—Malignant lymphoid tissue tumour infiltrating the orbit (Fig. 6). 


Fic. 6.—Oil immersion view of new growth. (100 x8). 


Discussion 


Although no biopsy was taken from the small subconjunctival growth on 
the right side, it was undoubtedly a lymphoma arising from the bulbar 
conjunctiva. On the left side the main mass of the tumour was underneath 
the bulbar conjunctiva so that proptosis was not marked. Evidently the 
origin of this tumour was also subconjunctival, but the question arose whether 
a lymphoma originating in the orbit could assume a similar appearance. 
Orbital lymphomata, first noted by Arnold and Becker (1872), are rather 
rare and the proptosis is usually marked, the eyeball protruding as much as 
10-30 mm. (Arnold and Becker, 1872; Ahlstrém, 1904; Seeligsohn, 1906; 
and others). : 

Stout (1942) classified lymphoid tissue tumours into’ three histological 
types :— 

(i) Lymphocytic Cell Type—The cells are small and round, the cytoplasm is 
scanty, and the nuclei take up a dark stain with haematoxylin. 


(ii) Reticulum Cell Type—The cells are large and pale and irregular in shape 
and have vesicular nuclei. 

(iii) Giant Follicular Type—This is characterized by the formation of large 
follicles. 


Histological examination showed that the tumour was a tumour of the 
lymphocytic cell type, without generalized involvement and: apparently a 
simple lymphoma. As pointed out by Warthin (1931), Ginsburg (1934), 
Herbut, Miller, and Erf (1945), and Willis (1953), these different types are 
related variants of one disease process originating from primitive mesen- 
chymal stem cells. According to Willis (1953), these lymphoid tissue tumours 
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are all malignant mesenchymal tumours, the only difference between them 
being the degree of differentiation attained by their cells. Heath (1948) 
stated that 5 per cent. of simple lymphomata showed a generalized recur- 
rence, even after early removal. Considering the rate of growth, the nature 
of the invasion, and the presence of mitotic figures, the reported tumour, 
although localized, should be classified as a locally malignant tumour and 
the prognosis should be guarded. 


Summary 


(1) A large subconjunctival lymphoma infiltrating all the tissues of the 
orbit except the eyeball and optic nerve and a similar small growth in the 
other eye are reported. 

(2) Although the cellular structure of the tumour mainly comprised 
mature lymphoid cells, and although the tumour localized, its invasive 
nature showed its inherent malignant tendency. 


I am grateful to Major-General A. K. Gupta, Director of the Institute of Post-Graduate 
Medical Education and Research, Calcutta, for permitting me to publish this case, and to Prof. 
B. K. Aikat, Director of Pathology of the same Institute, for the pathological reports. 
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SARCOIDOSIS* 
SWELLINGS ON THE NOSE AND LATE OCULAR SEQUELAE 
BY 


P. A. JOHNSON 
Durban, South Africa 


THIS case is described, not because of the rarity of systemic sarcoidosis, but 
to record the long interval before the onset of intra-ocular complications, 
and the unusual nature of the presenting symptoms, namely puffy eyelids 
and symmetrical nodules on the nose. 


Case Report 
An Indian male aged 28 years complained of itching and swelling of the upper lids on 
September 4, 1957. 


Examination.—There was a mild conjunctival injection and some oedema of the upper 
lids. No intra-ocular disease was found. 

A small nodule resembling a sebaceous cyst was noted on the left side of the forehead 
underlying a small linear scar from an old injury. 

After 10 days the nodule on the forehead had increased in size, the eyelids were still 
puffy, and swellings which were hard, painless, and fairly well defined in the form of pads, 
about the size and shape of an almond, had developed on each side of the bony part of 
the nose. These swellings were movable and not attached to skin or bone (Figure). 


Laboratory Investigations—A patch test for tuberculosis was negative. The blood 
count showed Hb 15-6 g. per cent=106 per cent; erythrocyte sedimentation rate 12 
mm./hr; white blood cells 7,000; circulating eosinophils 250. Chest x-ray: ‘‘ Nodular 
shadowing throughout both lung fields, suggestive of tuberculosis, but sarcoid cannot be 
excluded”’’; hand x-ray: “‘N.A.D.’’ The sputum and urine were negative. Biopsy of 
nodule on nose: “Strands of collagen bundles with intervening myxomatous tissue; 
diagnosis not possible from these sections’’. Biopsy of nodule on forehead: “‘ Definite 
sarcoidosis”. 


Progress.—After 5 weeks the patient still felt perfectly well with no respiratory symp- 
toms, but he had developed ill-defined puffy swellings on both forearms and complained 
of slight pain in the wrists on clenching the fists. 

After 8 weeks the swellings were subsiding and he returned to work. 

After 11 weeks he again reported for examination and was feeling perfectly well. The 
swellings were almost gone and the eyes were giving no trouble. There was a slight 
ciliary flush and a few large mutton-fat keratic precipitates in both eyes. This was the 
first time any ocular complications had been found. 
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FiGure.—Sarcoid nodules on nose and forehead. 


Treatment had mainly taken the form of placebos. Steroid therapy was 
not used. 


My thanks are due to Dr. T. Edmunds, Senior Ophthalmologist, and to the Superintendent, 
King Edward VIII Hospital, Durban, for permission to publish this case. 
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OPTIC ATROPHY AFTER SMALL-POX* 
BY 


S. P. MATHUR AnD BHAGAT PRASAD MATHUR 
Victoria Hospital, Bharatpur (Rajasthan), India 


VACCINIA Virus is now regarded as “ pantropic” ; Murti and Shrivastav (1957), 
in their studies on the behaviour of variola virus and one strain of vaccinia 
virus, observed that the infection became generalized after inoculation on the 
skin of the rabbit with vaccinia virus, and that lesions of varying severity 
were seen in the lungs, heart, liver, and kidney, as well as the skin. It is only 
to be expected, therefore, that vaccinia virus should attack the nervous 
system, such affections being usually described as “complications”. Vac- 
cinia can produce serious attacks of encephalitis and encephalomyelitis 
leading to paraplegia and hemiplegia. Brain (1955) quotes Mackintosh and 
Scarff (1927-28) as showing that these nervous manifestations simulate those of 
post-vaccinial encephalomyelitis, including transient papilloedema of the optic 
nerve. Much has been written about small-pox lesions of the eyelid, con- 
junctiva, and cornea, but uveal, retinal, and optic nerve complications are 
considered to be rare (Thygeson, 1951). Here we report a case of optic nerve 
atrophy in a child, which was the sole ocular or nervous lesion to follow an 
attack of small-pox. 


Case Report 


A male Hindu child, aged 3 years, was brought to the hospital with the complaint of blind- 
ness just after an attack of small-pox about 3 months before. The mother stated that 
the child had high fever for 3 days. He had vesicular eruptions all over the body and 
became very restless. He was semi-conscious with attacks of vomiting for about 4 to 5 
days after the appearance of the-eruptions. After the separation of the scabs, it was 
noticed that the child failed to respond to visual stimuli. Before this illness, he had been 
unable to see very well and was in normal health, but had not been vaccinated. 


Examination.—The child had made a normal recovery, but showed pitted scars all over 
the body. There was no response to the visual stimuli, but no involvement of any other 
cranial nerve and no evidence of paresis or paralysis. The deep tendon reflexes and the 
superficial reflexes were normal. There was no sensory loss or clinical evidence of hydro- 


cephalus. 
Ophthalmological Examination.—There was no lesion of the cornea, anterior chamber, 


or lens. The pupillary reflexes were normal. The fundus was examined under general 
anaesthesia, and the optic nerve head in both the eyes was found to be waxy pale with 
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hazy margins, and the physiological pit was obliterated. There was marked generalized 
oedema of the retina and the blood vessels were generally attenuated and tortuous. 
There were no exudates or haemorrhages. 

The diagnosis of secondary optic atrophy was made. 

A skiagram of the skull showed no abnormality and the cerebrospinal fluid was normal. 

Other routine examinations of the blood, urine, and stools were also normal. 


Comment 


The involvement of the optic nerve in this case appears to have taken place 
during the eruptive stage of small-pox, which produced papillitis followed by 
optic atrophy. In the absence of any residual paralysis, involvement of the 
other cranial nerves, or abnormality in the cerebrospinal fluid or skiagram of 
the skull, the diagnosis of encephalitis could not be established. 

The optic atrophy seemed to be entirely due to the active inflammation of 
the optic nerve caused by the vaccinia virus. 


Summary 


A case of optic nerve atrophy after papillitis due to small-pox in a child 
has been described and its rarity emphasized. 


REFERENCES 


Brain, W. Russet (1955). ‘Diseases of The Nervous System”, 5th ed., pp. 502, 504. Oxford 
Medical Publications. 
McINTosH, J., and ScarFF, R. W. (1927-28). Proc. roy. Soc. Med., 21, 705. 
Murtl, B. R., and SHRIVASTAV, J. B. (1957). Indian J. med. Sci., 11, 574, 508. 
Spatieg pee (1951). In “Systemic Ophthalmology”, ed. A. Sorsby, p. 245. Butterworth, 
ndon. 





Brit. J. Ophthal. (1959) 43, 380. 


CORRESPONDENCE 
ADRENALINE IN CATARACT SURGERY 


To the Editorial Committee of the BRITISH JOURNAL OF OPHTHALMOLOGY 


Sirs,—I have read with interest the paper by Mr. E. Epstein on the use of acrylic lenses 
in cataract surgery (Brit. J. Ophthal., 1959, 43, 29). 

I have had no experience with acrylic lenses, but I should like to comment on the 
instillation of { in {,000 adrenaline drops into the anterior chamber which he mentions. 
1 did this to dilate an inconveniently small pupil some years ago and during the next few 
days a fairly dense corneal opacity developed which proved to be permanent though 
fortunately it was limited to the upper half of the cornea. I thought that the adrenaline 
must have damaged the corneal endothelium and some time later a colleague told me 


that he had had a similar experience. 
I believe it is dangerous to put adrenaline into the anterior chamber and that it is 


better to restrict its use to. the subconjunctival route. 
Yours faithfully, 
F. S. HusBBeErsty. 


56 BOROUGH RoaD, 
MiADDLESBROUGH. 


January 14, 1959. 


EYE DISEASES IN AFRICAN CHILDREN 


To the Editorial Committee of the British JOURNAL OF OPHTHALMOLOGY 


Sirs,—Now that trachoma can be prevented and cured, its place as the world’s major 
blinding disease may be taken by corneal lesions of nutritional origin. It is important 
therefore, to have acceptable terminology and I ask for reconsideration of the term 
“spontaneous iris prolapse” (S.1.P.). - 
In this condition part of the cornea dissolves in a quiet eye, usually followed by iris 
prolapse. The primary lesion is corneal lysis and it is misleading to name it from a 
secondary complication. If the latter did not occur, would one write “S.I.P. sine P.” 
or, in a case of aniridia, “‘S.1.P. s. I.s.P.”?? 
Yours faithfully, 
J. GRAHAM SCOTT. 


306 MEDICAL CENTRE, JEPPE STREET, 
JOHANNESBURG, UNION OF SOUTH AFRICA. 


January 30, 1959. 
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RETINAL DETACHMENT AT THE POSTERIOR POLE 


To the Editorial Committee of the BRITISH JOURNAL OF OPHTHALMOLOGY 


Sirs,—I read with great interest the recent article by C. I. Phillips (Brit. J. Ophthal., 1958, 
42, 749) on retinal detachments at the posterior pole. I agree with his statements, 
particularly when he says “that most are myopes and some have posterior staphylomata”’. 
I should, however, like to stress one point which was not specially mentioned in his 
article. 

Favre (1954) pointed out that, in high myopes with posterior staphyloma, the area near 
the disc is a likely site for holes which are difficult to see by ordinary methods of ophthal- 
moscopy. He described two similar cases and specially remarked the importance of 
slit-lamp examination of the fundus in the diagnosis of such cases. 

The so-called “area of Martegiani”’, at the margins of the posterior staphyloma, is a 
site that should be specially searched by means of the fundus slit lamp in every case of 
myopic retina] detachment, even if other holes at the periphery have already been detected 
(Schiff-Wertheimer, 1957). I have been able to observe this peculiar condition four 
times, twice in the same eye, in a series of nearly 300 operated cases in the last 3 years. 
In all my cases the holes were found with the Schepens indirect binocular ophthal- 
moscope, and not by direct ophthalmoscopy. Sjlit-lamp examination of the fundus was 
necessary in each case to confirm the indirect ophthalmoscopic findings, The vitreous 
was completely detached from the posterior pole in every case and no adhesions were 
detected between the posterior face of the vitreous and the margins of the retinal hole. 
1 do not propose to discuss here the surgical management of such cases; this will be 
considered subsequently. In conclusion I repeat that the area near the disc should be 
carefully examined with the slit lamp before the possible causes of a posterior detachment 
“without hole” are considered. 

Yours faithfully, 


ENRIQUE MALBRAN. 
PARERA 94, 
BUENOS AIRES. 
February 6, 1959. 
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BOOK REVIEWS 


Wolff’s Diseases of the Eye. Revised by Redmond Smith. 5th edition, 1959. Pp. 226, 
150 figs., 8 col. pl. Cassell, London. (42s.) 

The fifth edition of Eugene Wolff’s handbook on diseases of the eye has been revised 

by Redmond J. H. Smith. This is a short elementary account of ocular diseases in 


which the more common conditions are briefly but clearly described for the junior student 
and general practitioner. The text has been revised and brought up to date, the most 
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extensive revision being undertaken of the chapters on glaucoma, uveitis, and the retino- 
pathies. It would be well, however, if more revision were undertaken. In subsequent 
editions it might be of some advantage to change some of the general arrangements of 
the original author: for example, the chapter on the methods of perimetry and the visual 
fields (Chap. xvii) follows far after changes in the fields have been discussed in glaucoma 
(Chap. vii), and the student is introduced to ophthalmoscopy after he has read about 
choroiditis. It would be well also to alter the second sentence in the book, for some 
organisms can be harmful in the conjunctival sac in the absence of injury. 


A History of Ophthalmology. By GrorGE E. ARRINGTON, Jr. 1959. Pp. 174. MD 
Publications Inc., New York. ($4.00.) 

This is a short and somewhat slight sketch of the history of ophthalmology from its 
first known origins in the early civilization of Mesopotamia to recent times, from the 
mysticism and incantations of the temple to the technological achievements of to-day. 
But the author does not rest content with the materialistic achievements of the present 
generation. In his view the development of ophthalmology throughout the centuries 
and its relationship with the cultures and civilizations in which it flourished indicate that 
it must turn more and more to a wider interpretation of science in terms of ethics, morality, 
and humanity. It would seem, however, that this short résumé of factual events in the 
development of ophthalmology, related with little attempt to clothe them in an integrated 
philosophy, shows little reason for any such development. 

Many will differ from the author in his assessment of the relative value of various 
contributions to ophthalmological progress. The credit, for example, of pointing out 
the importance of the avoidance of excessive oxygen in the prevention of retrolental 
fibroplasia is attributed to Locke. In the table of “‘Major Contributions” at the end 
of the volume, only the name of Clifford Walker (not that of Gonin) is associated with 
the operative treatment of retinal detachment, that of Lundsgaard with fistulizing opera- 
tions for glaucoma. Few would insert the name of Joseph Pascal as the only contributor 
to ophthalmic optics since von Helmholtz. There are also more misprints than there 
ought to be, as well as misspellings, transposed lines, and on p. 150 a transposition of 
the Code of Hammurabi with the notes on Hippocrates. 


Plastische Chirurgie am Auge (Plastic Surgery of the Eyes). By E. Watser. 1958. 
Pp. 258, 286 figs. Bergmann, Munich. (D.M. 66.) 

This volume by Walser of Munich presents a short and concise\account, in the 
German language, of the more common procedures of plastic surgery associated with the 
eye and its adnexa. “Plastic Surgery”’ is interpreted in its widest sense. After a 
short historical introduction and an assessment of the general indications for plastic 
procedures, the pre-operative preparation of the patients and their post-operative care, 
operations on the lids, lacrimal apparatus (including nasal-drainage operations), and 
conjunctiva are described; chapters successively follow on corneal grafting, the implanta- 
tion of plastic lenticuli (Ridley, Strampelli, etc.) associated with cataract extraction, the 
insertion of implants after excision of the globe, remedial procedures for contracted 
sockets, and the various operations for plastic reconstruction of the orbit particularly 
after injury. The text is clear and concise, the illustrations are good, the bibliography 
(40 pages) valuable and the index useful. The book is thoroughly to be recommended. 


L’hérédité en ophtalmologie (Heredity in Ophthalmology). By JuLEs FRANcols. 1958. 
Pp. 876, 623 figs, 6 col. pl. Masson, Paris. (8,000 Fr. frs.) 

Yet one more major work has emanated from the study of Jules Frangois of Ghent— 

an excellent and most readable account of heredity as it affects ophthalmology. There 

is no branch of medicine in which heredity plays a more important part, no specialty has 
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given this subject more attention or contributed more richly to it, and in none is a know- 
ledge of genetic influence on disease of more practical importance in diagnosis and 
treatment. Particularly is this so to-day when, with the wide control of infective diseases 
by antibiotic drugs, a very high proportion of the conditions which now commonly lead 
to blindness or visual incapacity are determined by heredity. In ophthalmological 
literature there is no better assessment of this important branch of knowledge than in 
this volume by Francois. 

The book is large and comprehensive. It starts with a clear and concise account of 
the general principles of genetics, the various modes of Mendelian inheritance, the 
difficulties involved in the study of human genetics, and the consequent necessity to rely 
largely on statistical methods in its interpretation. A section follows on the application 
of these principles to ophthalmological problems, and the remainder of the volume 
discusses seriatim the vast number of ocular conditions—congenital deformities, abio- 
trophies, phakomatoses, neoplasms, endocrine disturbances, metabolic anomalies, 
functional conditions, and multiple syndromes—the incidence or behaviour of which is 
determined to a greater or less extent by the influence of hereditary factors. 

The writing is always interesting, clear, and concise, the pedigrees used as illustrations 
are well chosen and the bibliographies most valuable. Ophthalmology is deeply in the 
author’s debt for this contribution to the literature. 


Ophthalmology. Fourth Collection for the Medico-Surgical Encyclopedia. (Recueil 
périodique de l’encyclopédie médico-chirurgicale. 4¢ Cahier (Ophtalmologie) 
Recueil No. 54.) Edited by E. Velter and G. Renard. 1958. Editions 
Techniques S.A., Paris. 


The fourth collection of up-to-date leaflets contains articles on: 
(1) Treatment of palpebral tumours, by M. A. Dollfus; 
(2) Corneal surgery, by C. Bonamour and Ph. Leopold; 
(3) Treatment of dislocation of the lens, by A. Brini; 
(4) Treatment of infantile glaucoma, by L. Paufique; 
(5) Surgery of ptosis, by J. Legrand; 
(6) Treatment of ocular wounds, by J. Charamis. 


In all these contributions by specialists in their particular field the reader will find the 
most recent advances in technique, therapy, and the clinical aspects of the conditions 
under discussion. There are also several short annotations on specific items of current 
ophthalmological interest. 


Lexicon Ophthalmologicum. Multilingual Ophthalmological Dictionary. Edited by 
M. E. Alvaro, M. Amsler, H. Arruga, G. B. Bietti, and S. Duke-Elder. 1959. 
Pp. vi + 217. Karger, Basel. (34 Swiss frs). 


To review a dictionary is unusual and one cannot, perhaps, do better than quote an 


extract from the preface written by Sir Stewart Duke-Elder, who explains why this 
particular work came into being: 


“The International Council of Ophthalmology has sponsored the writing of this dictionary to 
help the ophthalmologist to read, and perhaps to write, in a language other than his own, by 
providing him with the translations of the technical words commonly used in his specialty. The 
five languages most important in modern ophthalmological literature have been included, and 
Latin has been added since it so often provides a common root and may serve as a guide in the 
interpretation of technical terms in other less widely used tongues.” 
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The real worth of a dictionary appears only with constant use and the planning and 
technical arrangement of the Lexicon Ophthalmologicum invite the language-shy reader 
to consult its pages and to plunge into what is—to the reviewer at least—the fascinating 
study of a common term in a multilingual setting. The editors are to be complimented 
on the direct simplicity of their method of compilation. The dictionary should prove a 
most helpful adjuvant to ophthalmologists throughout the world. 


NOTES 


Dr. Goodwin M. Breinin, Chairman of the Department of Ophthalmology and Kirby 
Professor of Research Ophthalmology, New York University—Bellevue Medical Center, 
has been named recipient of the 1959 Edward Lorenzo Holmes Memorial Award of the 
Institute of Medicine of Chicago, in recognition of his important contributions in the 
field of ophthalmology, particularly his investigations concerning the neuromuscular 
control of the ocular muscles and the development of ocular electromyography in 
advancing the knowledge of strabismus. In addition, Dr. Breinin pioneered in the study 
of drugs affecting the secretory epithelium of the ciliary body and their application in 


the therapy of glaucoma. 


OBITUARY: 


WILLIAM CLARK SOUTER 


Dr. W. Clark Souter, the last of the older school of ophthalmologists in Aberdeen, died 
at Elgin on March 1, 1959, at the age of 79. 

Educated at Aberdeen Grammar School and at Aberdeen University, he graduated 
M.B., Ch.B., with honours, in 1903. He studied the excretion of purine bodies, and for 
this work received his M.D., with honours, in 1906. Soon after graduation, and at the 
request of Sir Alexander Ogston, he went as surgeon in the ship Terra Nova, which went 
to relieve the Scott expedition in the Antarctic in 1903-4. For this service he became 
one of the few to whom the Polar Medal has been awarded. 

His main interest was early directed to ophthalmology. He did postgraduate work at 
Moorfields and gained the Diploma in Ophthalmology of Oxford University in 1919. 
After further clinical experience at the Royal London Ophthalmic Hospital, he was 
appointed to the staff of the Aberdeen Royal Infirmary, and was associated with this 
institution until his retirement in 1946, when he was elected honorary consultant in 
ophthalmology. He was also surgeon to the Aberdeen Eye Institution and ophthalmic 
surgeon to the Aberdeen Maternity Hospital. The medical aspect of ophthalmology 
formed his most absorbing interest. Among his publications were papers on uveo-parotid 


fever and auto-eversion of the upper lids. 
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COMMUNICATIONS 


NORMAL DEVELOPMENT OF THE HYALOID AND 
RETINAL VESSELS IN THE RAT* 


BY 


J. E. CAIRNS 
Department of Pathology, Institute of Ophthalmology, University of London 


THE rat has been used extensively as an experimental animal in studies of 
the retinal vessels. Since a knowledge of normal development is obviously 
essential to the proper interpretation of developmental abnormalities, it is 
surprising that an adequate description is not available in the literature. 
Michaelson (1954), amplifying the work of Hesse (1880) and Bruns (1882), 
described fully the development of the main retinal vessels and the super- 
ficial capillary net, but did not discuss the hyaloid vessels or the deep 
capillary net in the same detail. His work has not yet been confirmed. 
Janes and Bounds (1955), in their study of the adult rat eye, failed to 
demonstrate to their satisfaction the periarterial capillary-free zone described 
by Michaelson. The following study has therefore been carried out to 
provide firm data on which future work can be based. 


Material and Methods 


Adult rats were anaesthetized by intra-peritoneal injection of Nembutal, and 
Indian ink was injected into the ventricle by means of a syringe. The injection 
was made slowly and at low pressure, and was terminated when the mucous 
membrane, splanchnic area, and conjunctivae were seen to be injected. Young 
rats varying in age from | to 22 days were also injected by a similar technique. 
In these young animals, no direct observation of the vessels of the eye could be 
made because of the persisting closure of the lids, and the injection was continued 
until the whole skin was black. The eyes were then removed and placed in 10 per 
cent. formol saline for 24 hours. 

The eyes of the adult rats were opened near the ora serrata, and the retinae 
removed with a blunt probe and mounted in glycerine. The eyes of the younger 
animals were opened in the same way and any remaining adhesions between lens 
and ciliary body carefully broken down with fine scissors. The retina, with lens 
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attached to the optic disc by the hyaloid vasculature, was then removed. The 
vascular connexions between the disc and the lens were then dissected up from the 
surface of the retinae, so that the retinal vessels proper and the hyaloid vessels 
could be observed in the same specimen. When the retinal vessels only were to 
be studied, the retinae were removed as in the adult rat and mounted in glycerine. 


Findings 
Hyaloid Vessels.—At one day old the hyaloid system consists of numerous 
vessels passing forwards from the disc to the lens (Fig. 1). 


Fic. 1.—Thick section of eye of one-day-old rat injected with Indian ink (cleared by 
the Spatteholz method), showing the eye in situ with the hyaloid artery, hyaloid 
capillaries, and tunica vasculosa lentis. x 24. 


These vessels run in two groups (Fig. 2, opposite): 
(a) A central leash passing directly through the vitreous to the posterior 


pole of the lens; 
(6) A group which is closely applied to the surface of the retina, and runs 


from the disc to reach the lens at about its equator. 


Both of these groups were seen to terminate at the lens, where they broke 
up into a dense meshwork of capillaries on its surface, forming the tunica 
vasculosa lentis. These vessels were extremely numerous, and the group 
lying on the surface of the retina completely obscured the pattern of the 
retinal vessels proper. 
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Fic. 2.—Sagittal section of lens and retina, showing two groups of hyaloid vessels. 
The retinal vessels are beginning to grow into the retina from the main artery. 


This arrangement was seen to persist unchanged both in form and degree 
during the second, third, fourth, fifth, and sixth days of life (Figs 3 and 4, 
overleaf). 

Closure of approximately one half of these vessels had occurred by the 
seventh day, and by the tenth day a leash of vessels (much less conspicuous 


than the original central leash) from the optic disc to the posterior pole of 
the lens was the only remaining element. This leash persisted in some 
cases up to the 22nd day, while in others at the 15th or 16th day it could not 
be demonstrated. 


Retinal Vessels and Superficial Capillary Network. 
the main retinal vessels and the superficial capillary network have been 
described by Michaelson (1954). The central artery and vein each have 
characteristically six branches (Fig. 5, overleaf). These vessels are arranged 
symmetrically around the disc like the spokes of a wheel, artery and vein 
alternating. In the same plane, that is, within the nerve fibre layer, the 
superficial capillary net occupied the spaces between the alternating main 
vessels. These capillaries avoid the immediate vicinity of the artery, leaving 
a clear zone around the vessels. There is no such zone around the vein. 
This clear zone was found constantly around all arteries from the third day 
onwards, and sometimes was present on the first and second day in a less 
striking form. 

At the anterior edge of the advancing capillary network (as the vessels 
grow out from the disc) the capillaries are of the primitive type described 
by Michaelson (1954). By the 11th day the superficial system of retinal vessels 
(main arteries, main veins and superficial net) is adult in form and extent. 
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Fic. 3.—Retina and fens of 5-day-old rat, showing tunica vasculosa lentis with a leash 
of hyaloid vessels coming forward from the hyaloid artery, part of which has been 
detached and brought forward into the plane of focus. The retinal vessels are seen in 
the background. Injected Indian ink. x14 


Fic. 4.—Retina and lens of 6-day- 
old rat. The hyaloid vessels are 
still preponderating. The de- 
veloping retinal vessels are seen 
in the upper left-hand corner of 
the picture where the hyaloid 
vessels have been stripped off. 
Injected Indian ink. x 14. 
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Fic. 5.—Retina of 10-day-old rat, showing vessels reaching to periphery 
of retina. In the lower right-hand corner of the picture there are some 
primitive capillaries. Parts of the ciliary body have been left attached at 
the top of the picture. Injected Indian ink. x8. 


Figures for the development of these vessels taken from the present series 
are included in Table I. They are approximately the same as those given 
by Michaelson (1954). 


TABLE I 
DEVELOPMENT OF RETINAL VESSELS AND CAPILLARIES 
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Deep Capillary Network.—In the adult rat retina, the deep capillary nei- 
work forms a reticular capillary bed deep to the inner nuclear layer. Large 
collecting veins arise from the net and perforate the inner nuclear layer, 
usually perpendicularly, or nearly so, to the surface of the retina. These 
vessels increase in size as the periphery is approached, so that while the 
connecting channels in the posterior area are of little more than capillary 
size, those draining the peripheral area often appear to be as large as the 
main retinal veins to which they are tributaries (Figs 6 and 7). 
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Fic. 6.—Retinal vein of 22-day-old rat (with explanatory drawing), showing formation of a 
main vein nearer the periphery of the retina by the junction of two collecting veins from the deep 
capillary net. Injected Indian ink. x76. 
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1G. 7—Retinal vein of 16-day-old rat (with explanatory drawing), showing main vein run- 
ning at a superficial level. The deep branches and the deep capillary net are in focus. The 
photograph is taken from a peripheral area of the retina, and shows the large size of some of the 


collecting veins from the deep plexus. Injected Indian ink. 120. 
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The deep plexus was not present in any form in the 8-day-old rat. At 
9 days, a few capillaries could be seen passing deeply from the main vessels 
and from the superficial capillary net into the substance of the retina. By 
the 11th day, these penetrating vessels were much more numerous, but no 
larger vessels had developed in the deeper layer. By the 15th day, the deep 
network had become fully adult in form, draining area by area through 
larger collecting veins into the main retinal veins. No vessel of larger than 
capillary size could be found connecting the deep plexus with the main 
retinal arteries (Fig. 8, overleaf). In the posterior retina there is a third 
capillary network situated intermediately between the superficial and deep 
networks. 


Summary 
In the eye of the newborn rat, the hyaloid vessels occupy most of the 


vitreous space, and cover the surface of the retina. The retinal vessels have 


just begun to grow out from the disc. The hyaloid vessels persist until the 
71th day, by which time the retinal vessels have reached nearly to the 


periphery. The hyaloid vessels then undergo a rapid involution and the 
retinal vessels continue growing to reach the periphery by the 11th day, by 


which time the hyaloid vessels are vestigial or absent (Table II). 


TABLE II 
DEVELOPMENT OF HYALOID AND RETINAL VESSELS 
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The deep capillary network, entirely venous in character, develops from 
the superficial retinal vessels between the 9th and 15th days. The retina is 


thus fully adult in form, having six main arteries, six main veins, and super- 
ficial, intermediate, and deep capillary networks, by the 15th day (Fig. 8). 
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Fic. en of central area of retina of adult rat, showing retinal vessels and capillary 
networks. 
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I am greatly indebted to Prof. Norman Ashton for his advice and encouragement, and for the 
specimen from which Fig. 1 was taken. I should like to thank Mr. G. Knight, Miss E, Robbins, 


and Mr. V. Elwood for technical assistance, and Miss E. FitzGerald for secretarial help. I am 
most grateful to the Department of Medical Illustration, Institute of Ophthalmology, for the 


illustrations. 
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VASCULARIZATION OF THE OPTIC RADIATION AND 
THE VISUAL CORTEX* 


BY 


J. FRANCOIS, A. NEETENS, anp J. M. COLLETTE 


From the Ophthalmological Clinic of the University of Ghent and the Radiological Clinic of the 
University of Liége, Belgium 


THE vascularization of the optic radiation and the visual cortex has been 
studied in 27 normal hemispheres obtained from sixteen subjects aged 41 to 
73 years. The following techniques were used: 


(1) Injection of 33 per cent. Indian ink into the anterior choroidal, middle 
cerebral, and posterior cerebral artery, at a rate of 2 ml./min.; after dissection the 
degree of filling was determined according to blackness in frontal, transverse, and 
sagittal sections. 

(2) Injection of Thorotrast with Paton blue at the rate of 2 ml./3 min.; the degree 
of filling was determined according to blueness, followed by microradiography. 


(3) Injection of Thorotrast only, followed by microradiography. 


I. ANATOMY OF THE OPTIC RADIATION AND OF THE CORTICAL VISUAL CENTRE 
(Fig. 1, opposite) 
The anatomy of the regions studied was detailed according to a somewhat 
new concept, before the vascularization as such was examined. 


(A) Optic Radiation 
(1) The optic radiation originates from the carrefour (cross roads) where 
we find: 

(a) The termination of the optic tract. 

(b) The external geniculate body, the primary ganglionic optic centre, from 
which the Henschen tract arises to form, with fibres of the pulvinar, the optic 
radiation. 

(c) The beginning of the optic radiation itself. 

(d) The Wernicke field—a triangular formation pointing upwards, capping the 
external geniculate body (Foix and Masson, 1923; Schiff-Wertheimer, 1926). 


The fibres of the optic radiation and those of the Wernicke field build up 
an intertwined pattern. The fibres of the optic radiation are directed out- 
wards to the temporal horn of the lateral ventricle, crossing fibres which 
extend from the temporal region to the thalamus (Arnold’s bundle). 





* Received for publication July 28, 1958. 
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Fic. 1.—Anatomy of the optic radiation 
(1) Optic radiation (carrefour) 
(2) Temporal isthmus 
(3) Ventricular part of the optic radiation 
(4) Terminal part of the optic radiation 


Once they have reached the level of the internal capsule, the fibres of the 
optic radiation turn in an oblique posterior direction, and describe a curve, 
the concavity of which embraces the external wall of the occipital prolonga- 
tion of the lateral ventricle. This is known as the temporal isthmus. 


(2) The temporal isthmus is 1 cm. in width and 1-5 cm. in length. In 
front it is delimited by the insula of Reyl and the external capsule, and 
behind by the lateral ventricle, the medial boundary being the thalamus and 
the internal capsule (Alexander, 1957). On the lateral side the fibres 
continue, and are indistinguishable from those of the temporal lobe. 


(3) The temporal isthmus is followed by the ventricular part of the optic 
radiation. At this level the optic radiation is separated from the lateral 
ventricle by the tapetum—a thin white layer formed by fibres from the corpus 
callosum. On the external side the optic radiation fans out in the direction 
of the occipital lobe; it is delimited by the inferior longitudinal bundle which 
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connects the occipital lobe with the temporal lobe. The optic radiation 
(projection bundle) thus extends between the tapetum (commissural bundle) 
and the inferior longitudinal bundle (association bundle). 

(4) The terminal part of the optic radiation is divided into two bundles 
(Monbrun, 1924): a superior bundle, passing over the occipital horn of the 
lateral ventricle, and an inferior bundle, passing underneath this horn. 


(B) Cortical Visual Centre 

At the level of the cuneus we encounter the calcarine fissure, the superior 
lip of which receives the superior bundle of the optic radiation, while the 
inferior lip receives the inferior bundle. 

This original anatomical division has been adopted because it corresponds 
with the various types of intratissular vascularization and the various parts 


depend on different nutritive sources. 


II. MACROSCOPIC VASCULARIZATION OF THE OPTIC RADIATION (Fig. 2) 

‘The vascularization of the optic radiation is dependent on three arteries: 
the anterior choroidal, middle cerebral, and posterior cerebral arteries, 
which run an irregular course and show frequent anomalies both in dis- 
tribution and in division. This does not alter the fact that the degree of 
filling of the region examined after an injection into one of these arteries is 
constant. 


Fic. 2.—Vascularization of optic radiation 
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(A) Anterior Choroidal Artery.—After leaving the internal carotid artery, 
or, in the majority of cases, the middle cerebral artery, it runs in an oblique 
postero-lateral direction, continues along the external side of the optic tract, 
and, arriving at the anterior end of: the telediencephalic fissure of Bichat, 
passes into the choroid plexus of the lateral ventricle. Being strictly terminal, 
it branches off along its course into a number of collaterals, including direct 
or perforating branches, which, having participated in the irrigation of the 
optic tract, supply the anterior part of the optic radiation. An injection 
into the anterior choroidal artery, such as we have carried out five times, fills 
the retrolenticular part of the internal capsule, the carrefour region, and, to 
a lesser extent, the temporal isthmus. These regions are also irrigated by 
other arteries, which, however, do not anastomose with the anterior choroidal 
artery; the two networks, of different origin, are simply intermingled. 


(B) Middle Cerebral Artery.—This shows a considerably higher degree of 
development than the anterior choroidal artery and has two important 
groups of collateral branches: the central perforating arteries, branching off 
in the vicinity of the circle of Willis, and the cortical arteries. 

(1) Perforating Arteries.—These separate off at the beginning of the course 
of the middle cerebral artery, to disappear for the most part into the anterior 
perforated substance. Abbie (1933a, b; 1938) described among the perforating 
arteries a deep optic artery serving the optic radiation. This artery is not always 
single, however, but may be multiple. If the number of optic arteries is variable, 
the same holds true for the areas which they supply and for the depth to which 
they penetrate into the optic radiation; they may extend very far—even as far as the 
posterior third of the lateral ventricle. 

(2) Arteries intended for the Cortico-Subcortical Region.—These penetrate 
much farther than the white matter immediately subjacent to the convolutions. 
They supply the optic radiation in the parietal lobe and many even extend as far 
as the ventricles. In order of importance these arteries are: the posterior parietal, 
ascending parietal, middle temporal, and posterior temporal (Fig. 2). 


Although the middle cerebral artery extends very far back, almost as far 
as the occipital pole, it plays an unimportant role, if any, in the supply of 
this region. 

Injection into the middle cerebral artery (seven hemispheres) completely 
filled the temporal isthmus and the ventricular part of the optic radiation; 
the carrefour region was filled much less, and the terminal part of the radia- 
tion and the occipital cortex were not filled at all. 

Simultaneous injection of the anterior choroidal and middle cerebral 
artery (five hemispheres) was followed by maximal filling of the carrefour 
region, the temporal isthmus, and the ventricular part of the optic radiation. 


(C) Posterior Cerebral Artery.—Along its course through the lateral 
mesencephalic groove, it is directed towards the infero-internal part of the 
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hemisphere, and follows the posterior part of the internal border of the gyrus 
hippocampi. It reaches the calcarine fissure and then divides into two 
terminal branches: the parieto-occipital artery and the calcarine artery, which 
share the vascularization of the cuneus in an irregular way. 

The posterior cerebral artery has two important groups of collateral 
branches: the central perforating arteries and the cortico-subcortical arteries, 


(1) Central Perforating Arteries.—Passing the level of the external geniculate 
body, the posterior cerebral artery gives off a few branches (Hillemand’s thalamo- 
geniculate pedicle) which participate in the supply of the carrefour. 


(2) Cortico-Subcortical Arteries.—These supply the cuneus, the visual region, 
and the inferior part of the occipital lobe. The calcarine artery is the most 
important and is distributed to the two lips of the calcarine fissure. 


Injection into the posterior cerebral artery (seven hemispheres) was 
followed by maximal filling of the posterior and terminal parts of the ven- 
tricular portion of the optic radiation, and of the cortex. 

Simultaneous injection of the medial cerebral artery and the posterior 
cerebral artery (three hemispheres) completely filled in addition the carrefour, 
the temporal isthmus, the ventricular and terminal parts of the optic radiation, 


and the cortex. 


(D) Leptomeningeal Anastomoses.—These are of very great importance. 
Contrary to the opinion of Duret (1874) we agree with Heubner (1874), 
Testut (1895), and van der Eecken (1955) that anastomoses between the 
middle and the posterior cerebral artery are frequent. Jn no case did we 
inject one without filling the cortical regions supplied by the other. Within 
the part under discussion, anastomoses are found chiefly between the parieto- 
occipital and the posterior temporal artery on the external temporal surface 
of the hemisphere. This fact makes it difficult to mark off the exact area 
supplied by each of these arteries. 


It was impossible to obtain complete filling of the carrefour region and the 
temporal isthmus by injecting only into the anterior choroidal artery or only 
into the middle cerebral artery. Complete filling could be achieved, how- 
ever, by simultaneous injection into both. This proves the existence not of 
an anastomosis but of a double vascularization as previously observed with 
reference to the optic tract; it also provides an explanation of the absence 
of hemianopia after isolated interruption of the anterior choroidal artery. 
The two vascular networks—that of the anterior choroidal artery and that of 
the middle cerebral artery—are not interconnected by arterioles or pre- 
capillaries; instead, the networks intermingle and overlap in a pseudo- 
anastomotic network. 

This double vascularization does not extend to include the ventricular and 
terminal parts of the optic radiation. There it is replaced by a network of 
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cortico-subcortical perforating arteries which arise from largely anastomosed 
superficial arteries. 

As far as the optic radiation is concerned, there are anatomical terminal 
arteries in depth and functional terminal arteries at the surface; the begin- 
ning of the optic radiation constitutes, from the vascular point of view, an 
overlapping zone receiving its supply from two or more arteries. 

Malacic lesions occurring after the occlusion of a vessel are chiefly depen- _ 
dent, in our opinion, on the site of the occlusion and the rate at which it is 
formed. 


Briefly, the vascularization of the carrefour and the temporal isthmus 
depends not only on the anterior choroidal artery, but also on the middle 
cerebral artery, and partly even on the posterior cerebral artery, which seldom 
intervenes by direct branches but often sends out indirect branches after 
having traversed the external geniculate body. 

The ventricular part of the optic radiation is supplied by the middle 
cerebral artery, whereas the visual cortex and the subjacent optic radiation 
are entirely dependent on the posterior cerebral artery. 

It should be remembered—as the fact is important—that there are wide 
leptomeningeal anastomoses between the middle and the posterior cerebral 
artery, and that the optic radiation'shows overlapping in the deeper parts. 

In summary, we have first a large central anastomotic circle (the arterial 
circle of Willis), then a second pseudo-anastomotic intracerebral circle (the 
overlapping zone in the nuclear regions), and finally a third superficial, 


peripheral circle formed by anastomoses between the middle and posterior 
cerebral artery (Fig. 3). 


Fic. 3.—Anastomoses between the middle and posterior cerebral arteries. 


A distinction may also be made between the central perforating arteries, 
which are collateral branches of the anterior choroidal and middle cerebral 
arteries (given off near the circle of Willis), and the peripheral cortico- 
subcortical arteries. 
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The central perforating collateral branches show the following charac- 
teristics: 

(1) They are perpendicular to the course of the primary trunk; 

(2) They are given off at the beginning of the course of the primary trunk; 

(3) They remain isolated but are more or less numerous, often running parallel 
and close together, forming a true pedicle; 

(4) They give off few collaterals before entering the region to be supplied; 

(5) They are terminal (but this fact loses much of its importance in view of the 
double vascularization ensured by the collaterals of another artery); 

(6) The vascular network formed by the central perforating branches always 
remains completely separate from the vascular network formed by the cortical 
arteries. 


With regard to the peripheral cortico-subcortical arteries situated on the 
surface of the convolutions, their collaterals are seen to become even smaller; 
their division is not a dichotomy, but each new branch is perpendicular to 
the course of the collateral from which it originates, and in this way irregular 
rectangles and squares are formed. The branches which penetrate into the 
depths also remain perpendicular to the cortical surface. Deep within the 
fissures arterioles are often seen to penetrate the cerebral substance while 


spreading out in a fan-like pattern. 


III. MICROSCOPIC AND INTRATISSULAR VASCULARIZATION OF THE OPTIC 
RADIATION 
This characteristic vascularization reveals a corresponding myelo- 
architecture and angio-architecture. 


(A) Arterioles and Precapillaries 
(1) Optic Radiation (fascicular part).—The course of the arterioles 
depends on the direction of the fibres. The following points may be noted: 


_ @) Arterioles are rare within the optic radiation proper, but remain outside on 
its borders. Some arterioles, on reaching the radiation, divide and abruptly change 
their course. Only precapillaries penetrate the radiation fanwise following the 
direction of the fibres. 


(b) There are no anastomoses, not even between precapillaries. 


At the level of the carrefour (Fig. 4, opposite), transverse sections show 
that the arterioles run parallel and that the precapillaries are crossed by 
others, in a vertical direction, Frontal sections show that they ramify, 
giving off branches which curve backwards in a regular pattern. 


Near the temporal isthmus (Fig. 5, opposite) the arterioles outline the curve 
described by the fibres and, at the level of the isthmus itself, thick arterioles 
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join the more or less tortuous courses of the fibres, thus demonstrating the 
complexity of the myelo-architecture. Farther back, more regular and elon- 
gated forms emerge, which typify the ventricular part of the optic radiation. 


Fic. 4.—Carrefour region. Horizontal sec- 
tion. Thorotrast injection. Arteries and 
arterioles rare and parallel, running in two 
directions, oblique or perpendicular to each 
other. x25. 


Fic. 5.—Temporal _isth- 
mus. Horizontal section. 
Thorotrast injection. Art- 
eries and arterioles thick, 
tortuous, and irregular. 


x 25, 


At the level of the anterior zone of the optic radiation (Fig. 6), there is a 
characteristic fanning out of the arterioles. 


Fis. 6.—Anterior ventric- 
ular part. Horizontal sec- 
tion. Thorotrast injection. 
Arterioles ** parachuting” 
and sometimes curving 
backwards. Capillary sys- 
lem with polygonal mesh- 
work, reminiscent of that 
of the optic tract. x25. 


27 
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At the Jeve) of the median zone of the ventricular part of the optic radiation 
(Fig. 7), two types are seen: the slim, elongated arterioles which follow (he 
direction of the fibres, and the thicker and more tortuous transverse arterioles. 


Fic. 7.—Middle ventric- 


ular part. Parasagittal 
section. Thorotrast injec- 


tion. Slim, elongated and 
thicker transverse arter- 


soles. Capillaries rare. 


At the level of the posterior zone of the ventricular part of the optic 
radiation, the arterioles, all extending in an antero-posterior direction, begin 
to spread out fanwise. 

At the conjunctions of two cortical areas, the fascicular vessels come 
together, and in places where a cortical area mushrooms out, the vessels 


spread out in tufts. 


(2) Calcarine Cortex.—In the cortico-subcortical or cellulo-fascicular 
area (Fig. 8 and Fig. 9, opposite), two types of vessels are distinguishable: 


(a) Short, medium, or long cellular arterioles, which form planes lying in layers 


parallel to the surface, with a straight or regularly meandering course. 
The short vessels terminate at the superficial third of the cortex. The medium 


and long vessels continue to a greater depth, following a course perpendicular to 


Fic. 8.— Visual cortex. Section 
perpendicular to surface. Thoro- 


trast injection. Branching off of 
cellular and _ subcortical arteries. 


Fan pattern. x10. 
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Fic. 9.—Viswal cortex. Section 


perpendicular to surface. Thoro- 
trast injection. Spiral branching 
off of fissure artery, with cellular 


and subcortical dependent arter- 
joles. 10. 


. 
the cortical surface and forming collateral branches running parallel to it; some- 
times these curve back again to the cortical zone. 


(b) Long fascicular arterioles, which traverse the cortex and give off a few 
branches, then reach the white matter and follow the direction of the fibres. 
Generally, they converge like the spokes of a whee] towards the centrum ovale. 
In the depths of the fissures a spiraf'or fan pattern is seen. 


(B) Capillaries 


(1) Optic Radiation. 

(a) Carrefour Region (Fig. 10).—Transverse sections show two intricate 
networks of capillaries placed perpendicularly, the first extending up and down, 
and the second extending from the postero-internal to the antero-external aspect. 

In places, these capillaries join to form foci, and the question arises whether 
these are aberrant cells or nuclei of the external geniculate body. 


Fic. 10.—Carrefour reg- 
ion. Parasagittal section. 
Thorotrast injection. Two 
capillary directions perpen- 
dicular to each other. 
x 
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(b) Temporal Isthmus (Fig. 11).—The capillary network forms very irregular 
meshes as a result of the anarchic capillary disposition. 


Fic. 11.—Temporal isthmus. Frontal 
section. Thorotrast injection. Very 
irregular and complex capillary system. 
, x10 


(c) Ventricular Part of Optic Radiation. 

(i) The anterior zone contains polygonal meshes, generally elongated, and more 
isolated longitudinal capillaries. The rounded or more irregular formations, from which 
arise other capillaries, are reminiscent of the picture seen at the level of the optic tract 
(Fig. 6). 


(ii) The middle zone, in horizontal sections, shows long, thin capillaries, and pentagonal 
formations in transverse sections, reminiscent of those of the optic nerve (Fig. 12). 
Broad capillaries curying backwards are also sometimes seen. 


Fic. 12.—Middle ventricular part. 
Transverse section. Thorotrast injec- 
tion. Pentagonal capillary pattern, re- 
miniscent of that of the optic nerve. 
x 25. 


(iii) In the posterior zone the capillary network becomes clustered and more irregular, 
being composed of small meshes with no specific direction. 
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(d) Visual Cortex (Figs 13 and 14, and Figs 15 and 16, overleaf). 


(i) The superficial area, in sections parallel with the cerebral surface, shows a very 
fine, serrated network; it is sometimes lacking as injection is difficult, and it rapidly 
becomes obliterated. 


(ii) The central area, which constitutes about 90 per cent. of the thickness, shows 
wider capillaries forming a looser network with larger meshes. 


(iii) The area adjoining the white matter is similar, but shows finer capillaries and a 
denser network (Fig. 13). 


Fic. 13.—Visual cortex. 
Section perpendicular to 
surface. Thorotrast injec- 
tion. Summary view of . 
different capillary layers of 
the cortex: the superficial 
very fine one (lacking), the 
middle larger one, and the 
on and denser one. 
x10. 


(iv) The immediately underlying white matter has wider capillaries which constitute a 
dense network following the zig-zag of the cortex, with meshes arranged in tiers like the . 
tiles of a roof (Fig. 14). 


Fic. 14.—Visual cortex. 
Section perpendicular to 
surface. Thorotrast injec- 
tion. Branching of sub- 
cortical arteriole, with 
— capillary pattern. 
x 25. 


(v) At the level of the white matter and of the terminal area of the optic radiation, 
the more or less parallel capillaries form a network with irregularly quadrangular and 
oblong meshes. 




















. arrive not from the surface 
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Fic. 15.—Visual cortex. 
Section oblique to surface. 
Thorotrast injection. Fas- 
cicular intercortical cap- 
illary system. x25. 





Fic. 16.—Visual cortex. 
Section perpendicular to sur- 
face. Thorotrast injection. 
Part immediately adjacent 
to depth of calcarine fissure. 
The arterioles are lacking in 
the cellular layer, where they 


but from the fascicular 
depths. x25. 


Between the capillary networks corresponding with the cortical and central 
arteries, zones often occur with less vascularization, as pointed out by Duret (1874). 
(2) Calcarine Cortex.—It is a remarkable fact that the postero-central 
part of the cortical area of the calcarine fissure contains arterioles which be- 
come rarefied in the cortical layer, and disappear completely in a thin zone, the 
blood supply of which depends on arterioles arising from other deep regions 
by way of the fascicular zone; the capillary network in this zone is uniform 
and very dense. This fact may explain the sparing of the macula in certain 
vascular affections. 
Summary and Conclusions 
(1) From an anatomical point of view, the optic radiation is composed of 
four parts: the carrefour (cross roads), the temporal isthmus, the ventricular 
part, and the terminal part, which ends in the visual cortex. 
(2) The vascularization of the carrefour and the temporal isthmus depends 
not only on the anterior choroidal artery but also on the middle cerebral 
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artery and, to a lesser extent, on the posterior cerebral artery. The ven- 
tricular part of the optic radiation is primarily supplied by the middle 
cerebral artery, whereas the visual cortex and the subjacent optic radiation 
entirely depend on the posterior cerebral artery. 


(3) There are large leptomeningeal anastomoses between the middle and 
posterior cerebral arteries. On the other hand the optic radiation shows. 
an overlapping zone, which is supplied by two or more arteries (double 
vascularization). ' 


(4) The vascular network formed by the central collaterals always remains 
completely independent of the vascular network arising from the cortical 
arteries. 


(5) The intratissular vascularization of the optic radiation is characteristic 
throughout. There is correspondence between the myelo-architecture and 
the angio-architecture. There are no anastomoses between arterioles or 

‘precapillaries and the arterioles abruptly alter their course as soon as they 
teach the optic radiation and spread out in a fan pattern. 


_ (6) The cortical region localized in the depth at the level of the calcarine 
fissure is deprived of arterioles and precapillaries over a narrow area. 


(7) The carrefour region includes capillary formations with a typical 
tellular network radiating like the spokes of a wheel. 


(8) Outside the central circle of Willis there is a superficial peripheral - 
anastomotic circle and a pseudo-anastomotic (overlapping) circle of deep, 
central localization. 
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ECHOGRAM IN MELANOMA OF THE CHOROID* 


BY 


ARVO OKSALA 
From the Ophthalmic Department of the Central Finland Regional Hospital, Jyviskyla, Finland 


D1AGNnosis is often difficult in melanoma of the choroid. This is evidenced 
e.g. by frequent misdiagnosings which come to light only after the enucleation 
of the bulbus (Reese, 1957) and by numerous more or less reliable methods 
of examination which have been applied for the determination of this tumour. 
Among the latest and, judging by the initial results, the most reliable methods 
of examination is the diagnostic use of the echogram. 

Mundt and Hughes (1956) and Oksala and Lehtinen (1957) were the first 
to use ultrasound in the diagnosis of intrabulbar tumours. These investi- 
gators found that, even in those cases in which ophthalmoscopic exploration 
of the tumour was prevented by detachment of the retina or opacity of the 
intermediary substances of the eye, it was possible to diagnose the intra- 
bulbar tumour with a high degree of certainty by means of echoes registered 
by an ultrasonic apparatus. Oksala and Lehtinen came to the conclusion 
that the echoes reflected from a choroidal melanoma could be positively 
observed on the screen of the Braun tube even at the stage when the height 
of the tumour was only about 2-3 mm. On the basis of these observations 
the echogram traced by a melanoma of the choroid was marked by the 
typical feature that the tumour tissue produced on the screen an irregular 
accumulation of echoes, the echogram varying somewhat according to the 
direction of investigation. 

The line traced by the echo and visualized on the screen did not return to 
the zero-line after having encountered the tumour. This finding was based 
on the echogram obtained from one patient with melanoma of the choroid. 
In this case the tumour was fairly small, its height being 4-5 mm. 

If the intrabulbar tumour is larger, we shall of course obtain on the screen 
a longer echogram which is more easily examined. In the first patient now 
reported by me the choroidal melanoma could not be diagnosed before the 
tumour had grown to a height of 10 mm. A disease of this kind provided 
a first-rate opportunity of studying the echogram given off by melanoma of 
the choroid. Since the literature dealing with this new method of research 
is very scanty, and since it is by no means always easy to interpret echo- 
grams produced by various diseases of the eye, a report of two cases together 
with the results of investigation appears justified. 





* Received for publication September 15, 1958. 
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Case Reports 


Case 1, a man aged 52 with previously good health, had noticed about 7 months before 
coming for a consultation a slight shadow in the upper part of the right visual field. The 
shadow grew very slowly. Since the patient did not feel any pain and the eye had a 
sound appearance, he thought he would wait for the shadow to disappear of itself. How- 
ever, the spreading of the shadow and a sudden deterioration of visual acuity finally 
brought him to our Ophthalmic Department. 

Ophthalmological Examination (11.4.58).—Visual acuity was hand movements in the 
right eye and 1-0 in the left. The anterior parts of both eyes were symptom-free and the 
intermediary substances clear. Gonioscopic examination did not reveal any pathological 
changes. Intra-ocular pressure in both eyes was 18 mm./Hg (Schiétz). The visual field of 
the right eye showed in its upper part an extensive absolute defect which reached as far as 


1d 


ed the central area of the visual field. With ophthalmoscopy one could see low down in the 

on right fundus extensive detachment of the retina extending to the macula and the optic disc. 

ds In the middle of the detachment the retina appeared so compact and dark that an intra- 

ur. bulbar tumour, primarily a choroidal melanoma, suggested itself. Diascleral examination 

ds also gave indications of a tumour. Elsewhere the retina seemed normal. The left 
fundus showed no pathological changes. 

General examination of the patient yielded no pathological features. Sedimentation 
rst rate 8 mm./hr. The blood count was normal. The Wassermann reaction and Kahn 
ti- and Sitolipin tests were negative. Roentgenological examination of the thorax and 
on cranium was non-contributory. 
he Examination by Ultrasound Equipment (14.4.58).—Since echograms of the eye registered 
a by ultrasonic apparatus had been applied with success at our Ophthalmic Department 
ai for over 2 years in the diagnosis of intrabulbar tumours, such an investigation was per- 
© formed in this case as well. The equipment employed was constructed by Drs. J. and H. 
on Krautkramer, Gesellschaft fiir Elektrophysik, K6In (Fig. 1). . The functioning of this 
sly apparatus has been described by Oksala and Lehtinen (1957). A searching unit was 
ht used in this investigation, which had been constructed by the manufacturers mentioned 
ns on the basis of the experience collected at our Ophthalmic Department, particularly for 
h diagnosing diseases of the eye. At the bottom of Fig. 1 a barium titanate searching unit 
) € is seen; the unit had a diameter of 5 mm., and a frequency of 6 Mhz, and was plated with 
ar silver. 
he 
to 
ed 
id. 
en 
WwW , : : 

arene Fic. 1.—Ultrasonic equipment. 

he | . Below at the end of the cable is a 
ed ; > searching unit of 5 mm. diameter 
and 6 Mhz, which has been speci- 

of ally constructed for ophthalmo- 
ch ; a logical examinations. Atthe upper 
, part of the apparatus is seen the 

10- e screen of the Braun tube, on which 


‘er r iV the echogram is shown. 








ARVO OKSALA 





410 


The eye was anaesthetized for examination by 3-0 per cent. Cornecain drops (Hoechst), 
and the blepharostat was put into position. As sound transmitter, simultaneously 
forming a protective film between the unit and the eye, we used a 1-0 per cent. methyl- 
cellulose solution. The searching unit was lightly pressed against the surface of the 
eye, and the sound was then directed against the fundus from different angles, by 
adjusting the position of the unit, the fundus thus being thoroughly investigated. The 
necessary photographs were taken of the echoes visualized on the screen of the Braun 
tube. The scale was adjusted during the investigation so that the echogram emitted by 
the tumour and visible on the screen became as long as possible. 

In the right eye normal echoes were obtained everywhere from above. Fig. 2A is an 
example of such a normal echogram. The initial broad echo on the left is only partly 
seen on the photograph for lack of space. The initial echo is produced by both the 
apparatus itself and the anterior wall of the eye. The initial echo is followed by the 
zero-line typical of a normal vitreous, and a high and sharp tracing of the echo from 
the posterior wall of the eye is seen to the right. The echoes emitted by the anterior 
and posterior surface of the lens are visualized if the sound wave is directed axially. 
In Fig. 2A the lens is completely passed by the sound. 





Fic. 2.—Typical echograms obtained from the first patient. “A” is an example of a normal 
echogram when the sound passes through the globe and by the lens. To the left a high initial 
echo is seen, which does not find sufficient space on the screen. The initial echo is followed by 
the zero-line, and to the right is the high peak produced by the posterior bulbar wall. 

In ‘‘B” the sound encounters the detached retina but not yet the tumour. The arrow marks 
the echo emitted by the detached retina. This echo is followed by a short zero-line, typical of the 
subretinal fluid. 

In “C”, “D”, “E”, and ‘“‘F” the sonic wave encounters the tumour tissue from different 
directions, and different echoes given off by the tumour tissue are traced. 

_In “C”’ and “D” the low peak of the posterior wall of the lens is seen in the middle of the 
vitreous. 
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When directing the sonic wave against the detachment of retina it could be observed 
that there was in the centre of the detachment behind the retina an acoustically very 
heterogeneous tissue, with a considerably higher density than that of the vitreous. The 
height of the tumour could be read on the scale as about 10 mm., the width being about 
5mm. The retina was adherent to the tumour over a short distance. Fig. 2B illustrates 
the echogram from the region of the detached retina, but from beside the tumour. The 
pathological change revealed here is the fairly low echo emitted by the detached retina 
(arrow) immediately in front of the echo given off by the posterior bulbar wall. Figs 2C 
and 2D show nearly in the middle of the vitreous the rather low echo from the 
posterior surface of the lens. Figs 2C, D, E, and F demonstrate on the right various 
echoes emitted by the tumour tissue. In each photograph the sound has traversed the 
tumour from a slightly different angle. In Fig. 2E the sound passes through the tumour 
almost longitudinally, on account of which the echogram produced by the tumour is the 
longest of all. In the points shown on Figs 2C, D, E, and F, the retina does not 
produce a separate echo, as it is adherent to the surface of the tumour. 

The appended photographs have been selected from a considerable number and they 
illustrate typical echograms produced by melanoma of the choroid. 


Treatment.—On April 17, 1958, enucleation of the right eye was carried out and the 
diagnosis of malignant melanoma of the choroid could be finally verified histologically. 


Case 2, a man aged 45, who had previously had no diseases worth mentioning, had noted 
some 3 months before coming to the hospital a slowly growing shadow in the temporal 
part of therighteye. As visual acuity continued to deteriorate, he came to our Ophthalmic 
Department for examination. : 


Ophthalmological Examination (7.8.58).—Visual acuity =0-4 in the right and =1-0 in 
the left eye. The anterior parts of both eyes were asymptomatic and the intermediary 
substances clear. Nothing pathological was seen with gonioscopy. The ocular tension 
of both eyes was 20 mm. Hg (Schidtz). The visual field of the right eye showed an 
extensive temporal defect, which extended to the optic disc and the macula. . With the 
ophthalmoscope one could see nasally in the right fundus a high and circumscribed 
detachment of the retina, and the tissue below it gave a compact and richly pigmented 
appearance. Diascleral examination also supported the assumption of an intrabulbar 
tumour, probably melanoma of the choroid. Elsewhere the right fundus was normal. 
The left fundus revealed no pathological changes. 

The patient was healthy, and the Wassermann reaction and Kahn and Sitolipin tests 
were negative. Roentgenological examination of the thorax and cranium did not bring 
to light any pathological features. 


Examination by Ultrasound Equipment (8.8.58).—With a view to verifying the diagnosis 
of intrabulbar tumour, examination of the eye by ultrasound equipment was also under- 
taken. The apparatus and methods were identical with those described in the first case. 

Normal echograms were obtained from the right eye everywhere except in the area of 
retinal detachment. Fig. 3A (overleaf) shows a normal echogram, which was obtained 
when the sound wave was guided in the temporal direction. In Fig. 3B the sound has 
already encountered the margin of the tumour, and the short echo group produced by 
it is visible in front of the echo from the posterior bulbar wall. Figs 3C, D, E, and F 
show various echograms emitted by the tumour tissue. In no Figure is there any separate 
echo from the retina, which indicates, in conformity with the ophthalmoscopic findings, 
that the retina adhered to the tumour everywhere, or was at least very close to it. On 
the basis of the echograms the readings were about 5 to 6 mm. for the height of the 
tumour and about 4 mm. for its width. 
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Fic. 3.—Echograms obtained from the second patient. 


Wa A” illustrates a normal echogram. In ““B” to ““F” the sound encounters the tumour 
tissue from different directions, and typical echograms indicating tumour tissue are obtained. 
The echo emitted by the posterior surface of the eye cannot easily be distinguished in “D”’ to “F”, 


Treatment.—On August 10, 1958, enucleation of the right eye was performed. The 
clinical diagnosis of melanoma of the choroid could be further verified histologically. 


Discussion 

In the cases described above a fairly reliable diagnosis could be established 
clinically, with the aid of a diascleral examination, and with the echogram. 
In the first patient the ophthalmoscopic findings did not differ convincingly 
from those seen in idiopathic detachment of the retina. This case is an 
excellent example of the value of the echogram in the diagnosis of intra- 
bulbar tumours. The echogram also enables the acoustic density of the 
subretinal space to be compared with that of the vitreous, so that the limits 
of a tumour mass, if present, can be assessed with an accuracy of 2 to 
3mm. Such exact localization, independent of ophthalmoscopic explora- 
tion, may provide more favourable conditions for the x-ray and electro- 
coagulation treatment of intrabulbar tumours. 

In studying the echograms obtained from a melanoma, it becomes 
apparent that the echogram changes with the direction of the investigation, 
the number and height of the echo peaks varying from one photograph to 
another. This is because the velocity of sound within the melanoma varies 
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with the direction of investigation. Unlike the vitreous or the lens, the 
melanoma tissue is acoustically heterogeneous. This affects the formation 
of the individual echo and its height on the screen; it is thus possible to 
determine from which direction the ultrasonic wave encounters the limiting 
surface between two kinds of tissue with different velocities of sound, and 
also to estimate the degree of difference in velocity of sound between the 
two areas. The angle between the sound wave and these numerous 
limiting surfaces varies with great sensitivity following the movements of 
the searching unit and of the eye. At the site of the tumour the peak of 
the echo emitted by the posterior bulbar wall is lower than normal, because 
part of the ultrasound is absorbed by the tumour tissue, and because the 
variation between the velocity of sound in tumour tissue and the sclera 
is much slighter than the same variation between the vitreous and the 
sclera. | 
Although the melanoma echogram varies according to the direction of 
the sound, important common features can none the less be noted in different 
echograms. The echogram emitted by the melanoma is formed from 
numerous small echoes, and the echo only seldom, and then but for a 
moment, returns to the zero-line. Variations in velocity within the tumour 
tissue are so slight or the changes occur so slowly, that beyond the limiting 
surface of the tumour the peaks of individual echoes do not as a rule rise 
very high on the screen. However, if calcium conglomerations' are present 
in the tumour tissue, their border surfaces will probably emit high echoes. 


This sensitive variation in the echogram according to the-direction of the 


wave is in itself suggestive of the presence of tumour tissue. 
The question of distinguishing between benign and malignant tumours, or 


between different kinds of tumour, still remains unsolved. In the author’s 
opinion this is not yet possible with the available ultrasonic equipment. 


Differential Diagnosis 


From this viewpoint the most important condition is idiopathic detach- 
ment of retina. By way of differentiation from the melanoma echogram, 
this disease produces after the echo emitted by the retina a uniform zero-line 
continuing up to the echo from the posterior surface of the eye. Yet it 
should be borne in mind that, if the height of the melanoma is <2 mm., 
the echo it emits will fuse with that of the posterior bulbar surface. 

In detachment of the choroid we can also determine by the echogram 
whether the wave has been reflected by a tumour or not. In post- 
Operative detachment of the choroid, the subchoroidal space emits only a 
uniform zero-line like that of the vitreous and the subretinal fluid (Oksala, 


1958), 


In chronic uveitis the vitreous opacities may be so dense that they emit 
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echoes. These echoes are, however, very low and usually much more sparse 
than those emitted by a melanoma (Fig. 4, arrows). 


Fic. 4.—Echogram obtained from a 
patient with chronic uveitis, showing 


in the places marked by arrows the low 
echoes produced by dense opacities of 


the vitreous. 
dye. «by 
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Connective tissue which has penetrated into the vitreous, e.g. in prolifer. ating 
retinitis or because of trauma, also gives off echoes which can be seen on 
the screen, their height being approximately equal to that of echoes obtained 
from tumour tissue, but the individual echoes are again much sparser than 
those produced by a melanoma. 

A less frequent problem of differential diagnosis is luxation of the lens. 
I once had to decide on the basis of the echogram whether tumour tissue or 
luxation had produced an absolute glaucoma. The patient had such an 
opaque cornea that even the slit lamp failed to reveal whether the lens was 
in place or not. In the echogram of luxation, one sees, about 4-5 mm. in 
front of the reflection from the posterior surface of the eye, a fairly high 
echo from the anterior surface of the lens, and also a lower echo reflected by 


the posterior wall of the lens quite close to that from the posterior surface 
of the eye. Between these two echoes from the lens a uniform zero-line is 
visible. The diagnosis of luxation is further supported by the failure to 
obtain normal echoes from the lens. 


Summary 

The echogram registered by an ultrasonic apparatus has proved to be 
very useful in the diagnosis of intrabulbar tumours. The author has studied 
the echogram reflected by melanoma of the choroid in two cases. On 
account of the considerable height of the melanoma (10 and 6 mm.), a 
fairly long echogram suitable for analysis was produced on the scale of the 
Braun tube in each case. It is usually possible to differentiate the echogram 
of a tumour from echograms traced in other types of intrabulbar disease. 
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SYMPTOMATIC EPIPHORA* 


BY 
H. BASIL JACOBS 
London 


In the wide field of possible causes of watering of the eye, if the obvious 
reflex causes be excepted, the most usual diagnosis is that of a blocked naso- 
lacrimal duct, but since many patients do not fall into this category, an in- 
vestigation of these problematic cases has been carried out and the findings 
are described below. 


Definitions 

The term “blocked naso-lacrimal duct” is applied so freely that its worth as a 
diagnostic labe) has been lost. One criterion is the failure of a dye to drain from 
the conjunctival sac to the nose, but in Great Britain a more usual criterion is failure 
or difficulty in syringing the naso-lacrimal duct. Duke-Elder (1952) suggests that 
a need for force in syringing the tear passages indicates the presence of a “stricture’”’, 
but there is no general agreement on this point, because various grades of patency 
may occur and there is more to consider than whether the duct is “blocked” or 
“not blocked”. In the present work such blockages have been divided into 
complete and partial. 


The clinical use of the term “stricture of the canaliculus” is also ill-defined. 
Many surgeons use it to mean that it is not possible to pass a fine probe through 


the canaliculus into the sac; to others the term may imply failure to syringe a fluid 
into the sac by way of the canaliculus and failure of a dye to drain from the con- 
junctiva to the lacrimal sac. In this paper the failure of a fluid to pass through 
the canaliculus on syringing is used as the criterion for a stricture of the 
canaliculus. 


Pathology 


There is no satisfactory evidence concerning the pathology of the blocked duct 
and no histological demonstration of a stricture has been described in the literature. 
In the absence of histological examination, one may presume a simple congestion of 
the mucous membrane followed by chronic inflammation at the narrow points of 
the tearway (Valiére-Vialeix, 1939), which may lead to fibrosis. Sondermann 
(1923) assessed the incidence of stenosis by probing in 55 cadavers (50 men, 4 
women, and one child aged 2 years), but it is not recorded that any of these subjects 
suffered from epiphora in life. Sondermann found that 6 to 7 per cent. of canali- 
culi showed marked and 13-3 per cent. slight stenosis; 40 per cent. of naso-lacrimal 
ducts showed considerable, 29 per cent. moderate, and 31 per cent. no stenosis. 
These stenoses were regarded as pathological, but it is hard to understand this high 
frequency in apparently normal, mostly male subjects, and it seems safer to conclude 
that the patency of the canaliculi and naso-lacrimal duct as evidenced by probing 
varies widely. In the cadavers of four patients who actually had dacryocystitis 
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the bony naso-lacrimal canals were found to be more narrow and winding than in 
normal subjects 

Seidenari (1947), discussing the submucosal venous network and its resemblance 
to erectile tissue, suggested that its turgescence might lead to an adhesion which 
becomes permanent. Duke-Elder (1952), commenting on the positive family 
history found in many patients with watery eyes, suggests that the inherited factor 
(to which such epiphora is secondary) may be some anatomical peculiarity of the 
soft tissues or bone. Seidenari also reported the microscopical findings in sacs 
removed in the course of eight dacryocystectomies; six were quite normal and two 
showed definite inflammatory changes. 

Our scanty knowledge is due to the difficulty of obtaining pathological material 
from affected cases, the lacrimal sacs that are removed being above the usual site 
of a biock. 





Methods of Investigation 


Since some of the diagnostic procedures available are also therapeutic measures, 
the usual practice of investigating the patient as far as possible at his first visit may 
make it difficult to decide which particular line of treatment has been beneficial, 
and the final diagnosis may remain in doubt despite a clinical cure. 

A routine of questioning and examination on the lines indicated below has been 
used as the basis of the present inquiry: 


(1) History.—This should include the age and sex of the patient, mode of onset, 
precipitating causes, family history, occupation and hobbies, history of nasal or other 
disease, menopause, and the presence of any irritative symptoms. 


(2) Examination.—A careful general examination should include the appearance and 
configuration of the face and nose, the complexion, the presence of dilated facial veins, 
and evidence of skin disease of the face or scalp. : 

Examination of the eyes should include the position of the globe (whether enophthalmic 
or exophthalmic), the position of the lids (whether turning in or out, whether the lower lid 
is retracted or not), the tone and strength of the orbicularis oculi (by digital estimation), 
and particularly the position of the lower punctum, a small displacement of which is a 
common cause of epiphora in elderly people. The cleanliness or otherwise of the lashes 
may give a clue to the patient’s standard of hygiene and to possible external sources of 
irritation such as papillomata or molluscum lesions of the lash line. The presence of 
redness, inspissated discharge, or squames at the roots of the lashes, and the direction of 
growth of the lashes should also be observed. 


The normal appearance of the conjunctiva shows a confusing variation, but an attempt 
should be made to assess any significant redness and a comparison. should be made 
with the contralateral conjunctiva and with the patient’s facies. The caruncle frequently 
seems to be a sensitive indicator of irritation, but it is often more hyperaemic in the symp- 
tomless patient than the rest of the conjunctiva and thus again assessment of its normal- 
ity is extremely difficult. The presence of foreign bodies or concretions will be evident. 

A further revealing point may be a very slight degree of conjunctival oedema, not 
necessarily associated with redness, which is suggestive of an allergic factor. 

A foreign body or a faint punctate staining with fluorescein are possible corneal 
affections for which a search must be made. 


(3) Bacteriology.—Before any drops are instilled into the eye a smear and a culture 
should be taken to determine the nature of the cellular exudate and the presence of in- 
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fection. Should any organism be grown, its sensitivity to the available antibiotics can 
be tested. 


(4) Dye Test.—This involves observing the rate of disappearance of a drop of fluores- 
cein (2 per cent. in water) instilled into the conjunctival sac. In normal subjects, there 
is a marked decrease in the yellowness of the conjunctival fluid so stained, within 1 to 2 
minutes. This indicates that the tears have drained, and a yellow staining of the nasal 
mucus on blowing the nose or a staining of the material coughed up from the back of the 
throat will confirm that the tears have passed down the naso-lacrimal duct. The two 
eyes may be tested separately or simultaneously and the rate of disappearance can be 
compared. 

The rate of drainage may be normal and speedy, slow, or doubtful, or there may 
be no drainage at all. 

If the dye overflows the lid margins, the lids should be cleaned and the test repeated to 
avoid a misinterpretation of the result. Not infrequently the dye will disappear at a nearly 
normal rate and yet the naso-lacrimal duct may be quite blocked on attempted syringing. 
This false positive result occurs when there is a voluminous mucocoele into which the 
fluorescein can drain freely ; this may be confirmed by pressing over the sac when a yellow- 
stained discharge will be regurgitated. 


The dye test is usually used to verify the patency and function of the lacrimal passages 
as a whole, but if the naso-lacrimal duct is blocked, it can be used to assess the function 
of the canaliculus. In the presence of a mucocoele, this is easily done as indicated above 
by expressing the sac after the dye has been instilled into the conjunctiva. Ifno mucocoele 
is present, the conjunctival sac should be irrigated to remove any excess dye a minute 
or two after the dye has been instilled. : The operator then syringes through the lower 
canaliculus with saline, whilst an assistant everts the upper punctum and holds a pledget 
of cotton wool just away from it to catch the first stream of regurgitating fluid. A yellow 
staining of this fluid will indicate that some dye is likely to have drained into the sac 
and that the canaliculus is functioning normally. It is possible that the coloration could 
be derived from the dye lingering in the canaliculus itself but the test may be regarded as 
a valuable pointer. 


(5) Schirmer’s Test.—This is described by its originator as follows: 


“IT use blotting-paper strips 0-5 cm. wide and 3-5 cm. long. At one end a 0-5cm. piece is bent 
over, and the two corners are cut off so that it does not stick into the conjunctiva. The conjuncti- 
val sac is swabbed out in the event of its being abnormally full, and the bent piece is carefully 
pushed behind the slightly drawn down lower lid upon both eyes*. The two strips remain here 
for 5 minutes, and then the length of the section moistened during that time is noted. Should the 
entire strip be wet through before the expiration of 5 minutes, the time required for this is noted. 

“Investigations upon considerably more than one hundred normal eyes have shown me that, 
on the average, 5 minutes is just sufficient to moisten the whole strip. However, it also happens 
that the strip is moistened in one, even in half a minute, while, on the other hand, the secretion 
may sink to 6 to 7 mm. in 5 minutes—the piece lying in the conjunctival sac is never included in 

measurement; such cases, however, are rare, and a paresis of the excito-lacrimal fibres is to 
be suspected in every patient in whom the moistening of the strip amounts to less than 1-5 cm. in 
J minutes. A moistening of more than 1-5 cm. guarantees, on the contrary, normal glands, and 
in such patients the examination is herewith ended. 

“The others must now be examined by a second method. The patient receives in each eye 
three drops of a 4 per cent. solution of cocaine at intervals of one minute—in order to eliminate 
the stimulus which in Method 1 is effective only from the conjunctiva; then the strip as formerly 
is inserted on the right, and a camel hair brush is pushed high up into the right nostril, where 
Totatory movements are carried out with it. The lacrimal gland, excited reflexly thereby, now 
secretes so freely that in two minutes on an average, the entire strip becomes wet. In general, 
this method yields more constant results in the same hands than the first, presumably because the 





* The strip should always be inserted in the outer half of the palpebral fissure. 
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excitability of the nasal mucous membrane does not vary within such wide limits as does that of the 
conjunctiva; fluctuations, however, naturally also occur here. The secretion may be very much 
more vigorous, so that within half a minute the whole strip is moistened, or it may proceed very 
much more slowly. However, I have never found a normal eye in which the length of moistened 
strip amounted to less than 1-5 cm. in 2 minutes, so that eyes with still less secretion may be re- 
garded as diseased. 

“With this method are found reliable data and a numerical expression for the diminished 
functional power of the gland.” (Quoted from Sjégren, 1943). 











The second part of the test was not used in the present investigations. The only 
modification was the insertion of the strip just lateral to the punctum, which was held 
slightly everted to avoid drainage of the tears during the test. 

In a series of normal adults a mean value of 14-5 mm. of watering in women and 13:1 
mm. of watering in men with a wide scatter from nil to over 30 mm. has been found 
(Fig. 1, opposite). 

The secretion tended to be less in older patients. In 23 per cent. of men (16 of 69) and 
22 per cent. of women (23 of 103) there was a difference of secretion of 6 mm. or more 
between the two eyes. The average of the differences in these cases was just over 9 mm. 
for both sexes (Table I). 

TABLE I 


RESULTS OF SCHIRMER’S TEST 





Cases with a Difference 
Number of 6 mm. or More Average 
Clinical Group of Between the Two Eyes! Difference 


Cases 
Number 





Per cent 








Completely Blocked Ducts without Mucocoele 
(unilateral) 


Partially Blocked Ducts without Mucocoele 
(unilateral) 


42 10 24 9 





32 9 28 11+ 
23 
22. 
29 12 41 12+ 
53 11 








Normal Males . 









Normal Females 









Naso-lacrimal Catarrh (unilateral) 











15 







Mucocoele of Lacrimal Sac 

















Controls of all ages were used, but it was found that some eyes were so irritable 
that the paper was completely wetted in a few seconds and these subjects, mostly young 
people, were excluded. The figures given above are somewhat lower than those estab- 
lished by previous workers, and the exclusion of these eyes may explain the discrepancy. 

The assessment of hypersecretion by this rough test is not reliable, but a difference be- 
tween the results obtained in the two eyes is more significant than an indication of hyper- 
secretion in both. It is regrettable that this test seldom serves to distinguish between 
eyes which water because of excess tear secretion and those which water because of 
defective drainage. 

(6) Orbicularis Oculi—Dynamometric estimation of the strength of the orbicularis 
oculi was done by the simple method already described (Jacobs, 1954). The average 
finding is equivalent to 120-140 mm. Hg with a wide variation above and below these 
figures. Similar findings were obtained in a group of normal students. 
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—o— 103 FEMALES 
—-"-- 69 MALES 








0-2 3-7 842 I-17 18-22 23-27 28+ 
LENGTH OF FILTER PAPER WETTED IN 5 MINUTES [mm.] 


Fic. 1.—Result of Schirmer’s test in normal subjects. 


Although the assessment of the incidence of weak muscles in this way may reflect poor 
muscle tone, it is not as significant as:a direct measurement would be. It is unfortunate 
that there is no recognised way of doing this. 


(7) Faradism.—The response of the orbicularis oculi to faradism may also be deter- 
mined with the object of assessing any weakness of that muscle. Sometimes the response 
may be diminished in vigour for a standard stimulus and a comparison of the normal with 


the abnormal may be valuable. A source of error in this test is the variable skin resistance 
that may be encountered and the results obtained must be viewed critically. It has not 
been found very helpful. 


(8) Syringing.—The lower canaliculus was syringed with saline with a 2-ml. Record 
Syringe after the punctum had been dilated with a conical dilator. The saline may flow 
freely to the back of the throat, may regurgitate through the upper punctum or around the 
cannula, or may not flow at all. If the flow is not free, the cannula should be advanced 
into the sac to ensure that the whole canaliculus is open. If the flow is free, then the 
anatomical integrity of the whole lacrimal pathway from the punctum to the inferior 
orifice in the nose is confirmed. If part of the fluid flows to the back of the throat and 
some regurgitates, it is still justifiable to draw the same favourable conclusion. 

The function of the canaliculus is tested with fluorescein by syringing as described 
in Section (4) Dye Test. If drainage is poor and the canaliculus is thus demonstrated 
to be working normally, the cause can only lie in some defect in the naso-lacrimal duct, 
or at its entrance into the nose. This test has been found inconsistent at times, but is 
nevertheless valuable, especially if positive. 

Should the fluid regurgitate from the upper punctum, then a block may be sited in one 
of two positions. 

If a block is: present as in Fig. 2 a (overleaf), a coincident block as in (6) can be 
excluded by hypodermic injection of the sac with saline or Novocain, thus by-passing 
the canaliculi altogether. 

Should the regurgitation take place round the cannula, the block may be sited as in 
Fig. 2 (c). 


A O-9 £2 % ™ «om 4 





H. BASIL JACOBS 


=) &) = 


Fic. 2.—Possible positions of blockages. 


Syringing through the upper canaliculus will be quite easy in this third instance, unless 
there is also a block there as well. In some cases, blocks are found at both (d) and (c); 
on the other hand, a block in the canaliculus may be excluded if the sac is felt to dilate 
as pressure is exerted on the piston of the syringe. Failure of even the finest probe to 
enter the sac is not enough to justify the diagnosis of a stricture in the canaliculus, as a 
normally functioning canaliculus often will not allow the passage of an instrument 
through it. The above tests coupled with dacryocystography are necessary to establish 


this diagnosis. 


(9) Pressure Syringing.—This is a modification of the method used above when re- 
gurgitation through the upper punctum occurs. In this event, the reflux can be prevented 
by blocking the upper punctum with a conical dilator. The fluid may flow to the back 
of the throat, freely, with difficulty, or not at all. If regurgitation takes place around the 
cannula, a conical model on the Anel pattern may be used. 

The test of pressure or forced syringing should be repeated at least once before the diag- 
nosis of a completely blocked duct is made. 

Many naso-lacrimal ducts that are labelled blocked by ordinary syringing will be found 
to be patent by the use of pressure and by preventing regurgitation with a conical dilator. 
Four grades of patency may be distinguished: 

A. Freely patent to simple syringing. 


B. Freely patent to pressure syringing \ : 

artially blocked duct. 
C. Patent with difficulty to pressure syringing sf . 
D. Not patent at all to any method of syringing—completely blocked duct. 


Pressure syringing is no more dangerous than simple syringing (Wollenberg, 1927); if 
pain indicates that the sac is becoming overdistended the procedure should be abandoned. 
Two infrequent complications are a leak into the tissues and a valvular overdistension of 
the sac; but both can and do result from simple syringing. A leak into the tissues is 
unimportant unless sepsis occurs, and this can be avoided by the regular instillation of 
Albucid drops into the eye for a few days. In many hundreds of pressure syringings, 
sepsis from a leak of saline into the tissues has never occurred. More distressing is the 
condition in which the sac is overdistended so that it presses on the canaliculus and pre- 
vents emptying. Two cases of this condition which occurred after the simple syringing of 
a mucocoele settled down after the local applications of an ice pack to the sac and vaso- 
constrictors to the nose. However, it is very painful and unpleasant, and should be avoid- 
able if a finger is pressed on the sac whilst it is being syringed. 


(10) Measurement of Intercanthal Distance.—The distance between the muco-cutaneous 
junctions of the two medial canthi was measured with the Bishop Harman rule. The 
normal range was found to vary from 25-40 mm. ; the usual reading was between 28 and 36 
mm., the mean in men being 31-6 mm. and in women, 30-8 mm. 
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Clinical Investigation 

The methods described in the previous section were used in the investigation 
of 350 adult patients who suffered with watering of the eyes. The proforma 
shown in Table II was used for each patient. Although the object of the 
work was to distinguish the aetiology of epiphora in the absence of an obvious 
reflex cause or a blockage of the duct, certain patients thought to have a 

blocked duct were included for the sake of comparison. 


TABLE Il 











Hospital No.: Name: Age: Sex: Serial No.: 





Address: Place of Origin: Epiphora | Right 
Left 











Social Status: Occupational Hazards: 
e.g. Heat, Dust, Wind, 
Race: Smoke, Strong Light. 














Refractive Error: Hyperopia Ocular Hygiene: 


Myopia 
Astigmatism | Ocular Pathology: 


Nasal Pathology: Lashes: 

(1) History Lids: 

(2) Subjective Coltiunetiva: 
ila rie Cornea: 


E.N.T. Report: Other: 














Size and Position of Punctum: 








pee. Dinene: Canaliculus |. Narrowing: 


2. Function: 





Menopause: Pre/Post/Current | Facial Contour: Broad/Medium/Thin 





Dacryocystitis: Past/Present Tear Passage: R. or L. 


ARTY NOT patent: 
Symptoms: Lacrimation : 
Gritty feeling Patent to forced syringing: 
Pricking Easily patent: 
Photophobia 
Asthenopia 
Actual pain 








History: 





Family History: Orbicularis Strength Estimate: 
(1) Digital R. L. 
(2) Instrumental R. L. 








Smear and Culture: 
Schirmer’s Test R. L. 





Diagnosis: Provisional: Intercanthal Distance: 
Final: Fluorescein Test: 
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As the investigation proceeded, many patients in whom it had been difficult 
to make a diagnosis were thought to be suffering from “naso-lacrimal 
catarrh”’, and the following classification was made: 

(1) Blocked naso-lacrimal duct (complete or partial) 
(2) Naso-lacrimal catarrh 
(3) Undiagnosed (N.Y.D.) 

Apart from these major groups, there were smaller sub-groups and even 

individual cases sufficiently interesting to deserve separate comment. 


(1) Blocked Naso-Lacrimal Duct.—In this series there were 105 cases, 58 
completely blocked and 47 partially blocked. 


General Considerations —Females outnumbered males in this series by roughly 
3:1, the proportion in completely blocked ducts being 4+:1 and in partially 
blocked ducts 2:1. The sex ratios reported in the literature vary from three or 
four females to one male. The slightly atypical findings with Schirmer’s test for 
the group with partial blockage are indicated in Table I and suggest a heterogen- 
eous factor in this group. 

The age group 40-55 years is chiefly affected; the detailed incidence for females 
is shown in Fig. 3 (opposite), but the males were too few for the numbers to be 
plotted. The men showed a similar type of incidence to the women, but there 
were more cases in the 66-70 age group than would be expected. Fig. 3 shows 
that patients with partial block and complete block attended the clinic in equal 
numbers up to the age of 54, but that there was a sudden drop in the numbers of 
partially blocked ducts in patients of 55 and over. 

Throughout this paper, it will not be possible to comment on the racial and social 
pattern of the patients, as all were seen in hospital and the racial variations prob- 
ably reflect those of the district served by the hospital. The literature shows 
differences of opinion concerning the social standing of the patients, but it is agreed 


that Negroes are relatively spared. 
The right eye was affected 53 times, and the left eye 37 times in ninety unilateral 


cases; only fourteen cases were bilateral. 

The length of history varied from 2 months to 30 years for complete blocks 
and from 4 months to 20 years for partial blocks. The range is so wide that no 
purpose is served by analysing the figures. 

Positive family histories were forthcoming in seventeen of 57 patients with 
complete blocks and in six of 47 patients with partial blocks (30 and nearly 13 
per cent. respectively). 

The incidence of loca) irritative symptoms was the same in men as in women: 
thirteen of 57 cases of complete block and thirteen of 47 cases of partial block. 
Occupational hazards, the significance of which is difficult to assess, were more 
common in men than in women, as one would expect. 

Questions concerning the genera] health revealed that the incidence of an arti- 
ficial menopause, gastric troubles, and skin disorders did not seem to be particularly 
significant. 

A history of nasal disorder was given by 21 of 47 patients with a partial block 
and by 23 of 58 patients with a complete block, in comparison with only 53 of 208 
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al Fic. 3.—Age incidence of blocked naso-lacrimal duct in females. i 
cS controls. It is of interest that 23 of 123 medical students gave a similar positive 
0 history of nasal disorder. 
A precipitating factor was reported by ten of 58 patients with a complete block; 
h seven occurred after some ocular inflammation or irritation, two after nasal infec- 
13 tion, one after a Bell’s palsy with complete recovery, and one after a cyst of the lid. 
Only four of 47 patients with a partial block reported a precipitating factor—one 
a: Bell’s palsy with complete recovery, one attack of dermatitis of the face, one corneal 
k. ulcer, and one new pair of spectacles. 
re . . . . . . . . 
Bacteriology.—In a limited series of bacteriological studies, pathogenic organisms 
i and pus cells were seen six times and non-pathogens, no growth, and/or no pus 
ly cells 27 times. 
Strength of the Orbicularis Oculi—This was found to be within normal limits 
. in the group of cases with partial blockage. In patients with a complete blockage 


the mean reading was lower than would be expected, perhaps because of the 
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increased need to dry the eyes and consequent weakening of the muscle by a 
wiping action. 


Intercanthal Distance.—In all types of blocked duct, regardless of sex, these 
measurements were similar to those found in normal subjects. The inference 
that complete blockage is not necessarily related to narrow bony passages is con- 
firmed by recent radiographic investigations (Phillips and George, 1956). 


Schirmer’s Test.—In cases of complete blockage the mean values given by this 
test (16-6 mm.) were higher than in the normal group. In ten of 42 unilateral 
cases there was a difference of more than 6 mm. on the affected as compared with 
the unaffected side (the average 9 mm.). There was a similar difference in nine 
of 32 cases of partial block (average 11+ mm.) (Table 1). 

These figures indicate that, in general, there is a significant degree of hyper- 
secretion in cases of blocked naso-lacrimal duct without mucocoele as compared 
with normal subjects, but if one compares the affected side with the unaffected in 
unilateral cases (as in Table I), the reality of any appreciable difference in secretion 
in these cases becomes more dubious. However, eight of fifteen patients (53 per 
cent.) with a mucocoele and completely blocked duct had an increased tear 
secretion on the affected side, the average difference being 11 mm. 

Thus, some patients with a mucocoele show a significant hypersecretion of tears 
due to irritation in addition to a defect of drainage. It can be conjectured that the 
removal of the sac may be attended by a greater relief of symptoms in such patients 
than in others, for although no drainage mechanism is provided by the operation, 
the lessening of chronic infection and irritation and, therefore, the lessened pro- 


ductions of tears, will be sufficient to provide a clinical improvement. 


Treatment.—Patients with a complete blockage were advised to have a dacryo- 
cystorhinostomy and were sent back to the surgeons under whose care they had 
originally been. 

Thirteen partially blocked ducts were subjected to a course of simple syringing: 
the criterion for the diagnosis in these cases was their good response to syringing, 
and thus no comment on this treatment is required. The only point of interest is 
that in six of the seven cases in which a dye test was performed the dye drained 
away, and that in one the result remained equivocal. 

Of 25 patients whose ducts were subjected to a course of pressure syringings, 
eleven were unimproved and fourteen were cured. Seven of these successes were 
confirmed by a dye test, three not confirmed, and in the other four, either no dye 
test was performed or its interpretation was uncertain. 

Four partially blocked ducts were probed and this was followed up with a 
course of syringings. Two of these patients were cured and the result was con- 
firmed by the dye test, and two remained unchanged. One of the latter claimed 
to be better, although the dye test continued to indicate that no drainage was 
taking place. 

One patient reponded to ephedrine drops. : 

Thus, it may be concluded that more than half of the patients with a partially 
blocked duct patent to pressure syringing only will respond to conservative treat- 
ment. It is pertinent to point out that these are usually classified as cases of 
completely blocked naso-lacrimal ducts. 
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Not sufficient cases in this group were treated by probing to enable an assessment 
to be made of the value of this procedure. 


(2) Naso-Lacrimal Catarrh.—Many patients who attended the clinic were 
found to have no obvious blockage of the lacrimal pathways but showed one 
or a combination of the following characteristics: 

(a) a mild conjunctival infection or irritability not obviously outside normal 
limits, 

(b) a suggestive history of conjunctivitis and/or bacteriologically con- 
firmed infection of the conjunctiva, 

(c) a satisfactory response to therapy designed either to cure any infection 
and/or relieve any irritation, 

(d) a primary nasal disorder. 


«< 


In many ways the term “‘irritable eye’? would have been preferable to 
“naso-lacrimal catarrh”, for in most cases the eye appeared to be unduly 
sensitive. However, as one can logically view the conjunctiva as part of the 
lacrimal pathway, the term “naso-lacrimal” is a convenient anatomical 
omnibus to include conjunctiva, canaliculi, lacrimal sac, and naso-lacrimal 
duct, and a mild congestive or inflammatory affection of one or more of these 
parts may be termed “‘catarrh”. The clinical picture will vary with the part 
affected. If only the conjunctiva is affected, the appearance will be that of a 
low-grade chronic conjunctivitis or irritable eye; if the naso-lacrimal duct is 
affected, irritability of the eye will be less evident and the cause of the watering 
more obscure. The canaliculus may accommodate a probe on one day but 
not on another, and the naso-lacrimal duct may be syringed easily one day 
and not another; these structures are subject to fairly rapid changes in 
patency that can be best explained by the presence of congestion in the lining 
walls. 

Ten patients were seen in whom the epiphora seemed to be secondary to 
nasal disease. A distinction between nasal disease causing epiphora and 
nasal disease accompanying epiphora can only depend on the opinion of the 
observer and it is striking that otorhinological opinions on the relation of 
a condition of the nasal mucous membrane to epiphora seem to depend as 
much on the observer as on the observed. The nasal mucosa should be 
examined not only for evidence of serious pathology, but for minor degrees 
of swelling and congestion that might be relevant to epiphora though hardly 
worthy of note in their own right. In such a small number the diagnoses 
can hardly be significant, but they included maxillary sinusitis, and mucous, 
vasomotor, and hypertrophic rhinitis. An immediate exacerbating feature 
im two cases was a florid conjunctivitis. 

General Considerations.—The sex ratio was nearly equal (52 men and 55 women). 

The greatest incidence among the women was in the 45-59 age group, about 5 
years later than the average age at onset of blocked naso-lacrimal duct. The 
men showed one peak of incidence at 40 to 54 years and a second at 65 and over 
(Table III, overleaf ). 
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TABLE III 
AGE AT ONSET OF NASO-LACRIMAL CATARRH 





Age Group (yrs) | Under 
25 | 25-29 | 30-34 | 35-39 | 40-44 | 45-49 | 50-54 | 55-59 


Females... 2 0 1 4 4 9 11 | 12 
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There was a preponderance of bilateral cases (66:38), the proportion in women 
being 26:25 and in men 40:13. 

The length of history showed a wide range similar to that displayed by patients 
with a blocked naso-lacrimal duct. 

Six men (11 per cent.) and fourteen women (26 + per cent.) gave a positive family 
history. 

Ths incidence of irritative symptoms was similar in men and women and totalled 
48 of the 107 cases, being significantly more than in the cases of blocked naso- 
lacrimal duct. Occupational hazards were more frequently noted in men than 
women. ‘ 

Ten of the 53 women had had either a hysterectomy or an artificial menopause. 
Stomach complaints occurred in seven male patients. There were twelve patients 
with skin disorders—generally rosacea, seborrhoea or psoriasis. A history of 
nasal disorder was given by 28 men and thirty women, a slightly higher incidence 
than in the group with blocked ducts. 

Many cases were unilateral, or if both sides were affected, one was worse than 
the other. The right eye was worse in 41 and the left in 31 of about seventy 
patients whose symptoms could be assessed in this way. 

Precipitating factors were cited by fourteen patients (the same incidence as in the 
cases of blocked duct): nine had had a definite conjunctivitis or red, sore, and 
discharging eyes; two had had contact with a case of conjunctivitis; one child 
had had measles; and two had had a stuffy or running nose. 

It was thought that a constitutional predisposition in the form of a skin disorder, 
an unusually rosy complexion, or dilated facial veins might play a part in the causa- 
tion of symptoms, and eighteen men and twelve women seemed to exemplify this 
possibility; 21 of these thirty cases were bilateral, and of the nine unilateral cases, 
six were females. In two or three of these patients, a significant exogenous 
factor was also present, and one man with seborrhoea capitis also suffered from a 
manifest anxiety state. 

Environmental circumstances gave a clue to a possible exogenous irritable factor 
associated with an occupation or hobby in twenty patients, most of them men. 

Thirty of the 107 patients volunteered information on some exacerbating factor, 
generally cold air, wind, or a change of temperature, but in six cases emotional 
strain. 


Bacteriology.—Pathogenic organisms were found on culture or pus cells in a 


smear in eighteen out of 56 tests. 
Of seventeen patients (6 men and 11 women) thought to have a low-grade 


infection of the conjunctiva, bacteriological confirmation was obtained in fifteen; 
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two elderly men, one who had had trachoma and one with a history of sticky 
eyes, yielded no bacteriological evidence of infection. Ten of the seventeen cases 
were bilateral (5 men and 5 women) and seven were unilateral (1 man and 6 
women). Four patients were found to have some rhinitis, two had conjunctivitis 
or had been in contact with a case, one was subject to frequent head-colds, and 
two were constitutionally predisposed. A high average value of 18 mm. for 
Schirmer’s test was found in this sub-group. 


Strength of Orbicularis Oculi—The average measurements were 100-140 mm. 
Hg—not conspicuously different from normal. 


Intercanthal Distance.—This showed no significant variation from normal. 


Schirmer’s Test.—The mean value was little above the accepted normal.. In 
twelve of 29 cases with unilateral naso-lacrimal catarrh, the affected side gave 
higher results than the unaffected side (Table I). Thus in some of these unilateral 
cases hypersecretion of tears would appear to occur. 


Treatment.—The measures taken should be conservative and should include the 
topical administration of drugs to the conjunctiva, the treatment of nasal disorder, 
and sometimes systemic medication. 

Administration of an antibiotic topically to eliminate infection is a sound first 
step; an ointment instilled five or six times daily serves the purpose well. Some 
' patients in whom bacteriological confirmation of infection was lacking improved 
on such treatment. An astringent lotion or vasoconstrictor drops after 10 to 
14 days of such antibacterial measures help to soothe the mildly irritated conjunctiva. 
In sixteen eyes the dye test indicated restoration of normal drainage after treatment 
and seven were cured by this regime. 

Other cases were cured by ephedrine drops applied to the eye, Albucid drops, 
a bland lotion and lanoline ointment to soften the skin of the lids, a change of 
occupation, treatment for seborrhoea capitis and a bland eye lotion, short wave 
diathermy, orbicularis exercises and massage, the antihistamine “Thephorin” 
taken by mouth. 

One patient had received such an assortment of different therapeutic measures 
that it is not possible to say which of them helped. In twenty eyes the dye test 
failed to demonstrate restoration of normal drainage despite treatment: two 
of the patients concerned defaulted. In at least 36 cases, the fluorescein test 
demonstrated that a defect of drainage apparently played no part so that either the 
tear secretion was excessive or the patient was unduly troubled by a normal 
secretion. The dye test was not always unequivocal but some defect was demon- 
strated in 36 eyes. 

The results of Schirmer’s test indicate that in some cases undue trouble was 
caused by a normal secretion. However, it is also possible that the patient had 
intermittent paroxysmal obstruction with or without intermittent and paroxysmal 
hypersecretion, so that no abnormality of drainage or secretion was demonstrable 
at his first attendance at the clinic. 

If the patient has a constitutional predisposition, such as rosacea or seborrhoea, 
this should be managed on general lines. The plethoric patient with a corre- 
spondingly reddish conjunctiva may be helped by silvering the lids. Syringing 
with saline sometimes makes these patients worse. 
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Further helpful local measures are short wave diathermy, zinc ionization, and 
exercises and massage of the lids, all directed at relieving congestion and aiding 
the venous return. Exercises and massage also help to control the mild eversion 
of the punctum that may develop in any patient with epiphora. Thephorin tablets 
were found useful in two cases and have the advantage of being mildly sedative 
as well as antihistaminic. Much time and patience on the part of the surgeon 
and the subject may be needed for the prosecution of these conservative measures 
to a successful conclusion. Those patients with no defect of drainage were not 
treated in the clinic, but were referred back to their own surgeons for treatment. 


(3) Undiagnosed (N.Y.D.).—This section comprises 44 cases which were 
difficult to diagnose. 


General Considerations —Women outnumbered men by 3:i. The age at onset 
in eleven men varied between 35 and 75 years; that of the 33 women is indicated 


in Table IV. 
TABLE IV 
AGE AT ONSET OF FEMALE UNDIAGNOSED CASES 





Age Group (yrs) veer 


25-29 | 30-34 | 35-39 | 40-44 | 45-49 | 50-54 | 55-59 





Number of Cases 3 2 2 2 6 8 0 1 



































21 were bilateral and 23 unilateral, there being no marked variation between the 
sexes. 

The length of history varied to a meaningless degree from 6 weeks to 30 years. 

A positive family history was forthcoming in one man (10 per cent.) and seven 
women (21 per cent.). 

Irritative symptoms were present in two men and eleven women. Occupational 
hazards were admitted by three men and six women—a reversal of the usual 
relative frequency. 

A history or rhinologist’s report of nasal disorder was given in three men and 
fourteen women. In objective reports on nine of these cases, six were found to 
have an organic defect. 

The watering was unilateral or worse in one eye than the other in 35 cases, 
nineteen in the right eye and sixteen in the left. 

Various factors were said to precipitate the symptoms in six cases. A corneal 
foreign body, sticky eyes, blepharitis (?), a bilateral Caldwell-Luc operation (the 
epiphora was unilateral), a hemiplegia some time before, and herpes zoster ophthal- 
micus 6 months before, were all volunteered as relevant information in this context. 


Bacteriology.—Too few studies were made to deserve mention. 
Strength of Orbicularis Oculi.—Within normal limits. 


Intercanthal Distance.—Within normal limits. 
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Schirmer’s Test.—Some of the values given by Schirmer’s test in these patients 
tended to be higher than average, but a mean value of 15-9 mm. for 41 of them 
is not much different from the accepted mean. A difference of more than 6 mm. 
between the affected and normal sides was found in four of the nineteen cases 
(average 10 mm.). 


Treatment.—As a rule, the treatment of these cases was unsatisfactory and even 
when some success was obtained it was not possible to estimate the efficacy of the 
measures adopted. Some patients defaulted and no blame can be attached to 
them as the general nuisance of regular hospital attendance must often outweigh 
the discomfort of a watery eye. A larger proportion attended regularly as request- 
ed and responded or failed to respond to various combinations of treatment, the 
lines of which did not differ materially from those already described for the cases 
of naso-lacrimal catarrh. There was no doubt that, in a few cases, the symptoms 
were due to an excessive physiological response to a normal cause for watering. 
Three patients stated they were worse in the early morning, when a minor degree 
of moisture of the eyes occurs in many uncomplaining patients. Some mentioned 
the dependence of the symptom on temperature and wind, two suggested that 
close work was an exacerbating factor, and one was troubled only when cycling. 
Wearing spectacles and bending seemed to make the watering worse in two other 
patients. 

Exercises of the orbicularis oculi helped a few patients, but the clinical data was 
too indefinite for a diagnosis to be made. It was thought that it rested between 
“weak muscles” and “naso-lacrimal catarrh”’. 

Dye tests were performed in only nineteen patients and a definite defect of drain- 
age was demonstrated in eight; in three patients fluorescein tests demonstrated a 
restoration of normal drainage after treatment. 

One of these “cured” patients was a woman aged 40 with a very rosy complexion 
who was thought to have an irritable but white eye, and a demonstrable improve- 
ment in tear drainage occurred spontaneously. The second was a woman seen 
at the age of 49 years, who was apparently cured by syringing the naso-lacrimal 
duct. Three years later she had a relapse and, although she claimed to be better 
after a similar course of syringing, the dye test failed to demonstrate drainage 
until after a course of exercises. The third “success” occurred in a woman aged 
75 who had mildly red eyes and who defaulted after a course of syringings so that the 
immediate result was unascertainable. A year later, she was treated for con- 
junctivitis in another clinic, and 24 years later, although she still complained of 
watering, fluorescein drained away in both eyes, albeit a little more slowly in 
the right than in the left. 


Other Diagnoses 


(a) Muscle Weakness.—Fourteen patients in whom exercises were given to 
promote the tone and functioning of the orbicularis oculi, have been described 
in full in a previous paper (Jacobs, 1959). 


(b) Disorders of the Canaliculus—The commonest affection was a stricture, 
and eight patients so affected were seen. Two of the strictures had occurred 
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after irradiation and one after herpes zoster ophthalmicus. The best method 
of management of these cases is to slit open the occluded canaliculus up to 
and beyond the stricture. Failing this, the upper canaliculus—provided it 
be normal—may be slit open along its complete length into the sac. A 
cantho-dacryocystostomy or cantho-rhinostomy may be attempted if these 
measures fail. It may be worth while trying to dilate the stricture with a 
probe, but this measure is rarely efficacious. 

One case was seen with Streptothrix infection and another with a pneumo- 
coccal canaliculitis. No radiographic studies were attempted in the latter 
case, which settled down on treatment with an antibiotic, but the patient may 
have had an infected diverticulum of the canaliculus. The Streptothrix 
infection was treated by curetting with a small meibomian spoon. 


(c) Ectropion of the Lacrimal Punctum.—This condition was seen in ten 
cases and, unless it is very slight, cauterization behind the punctum or the 
removal of an ellipse of tissue from that site is necessary. 


(d) Functional Epiphora.—In seven patients no objective evidence of epi- 
phora could be seen: one suffered from crocodile tears which began 7 months 
after a Bell’s palsy; two were thought to suffer from paroxysmal hyper- 
secretion due to worry or unusual sensitivity of the conjunctiva; two showed 
aclear association of anxiety with watering of the eye; and in two a psycho- 
genic disorder was suspected but unconfirmed. 


(e) Miscellaneous—One young boy was seen with tuberculous dacryo- 
cystitis. A young man in whom this condition was suspected was found to 
have a non-specific inflammation when a piece of the sac was removed for 
histological examination; he had a mucocoele which drained into the throat 
on pressure over the sac, and a dacryocystorhinostomy was performed with 
complete success. : 

A mucocoele of the sac was seen in six women in whom the naso-lacrimal 
duct could be syringed easily; three were cured by frequent expression, and 
the restored function of the naso-lacrimal duct was confirmed by the dye 
test; one patient defaulted; the other two failed to improve. One of the 
latter also had leukaemia, -and it is of interest that two other women with 
leukaemia and mucocoele of the sac have been seen. It is tempting to 
conjecture that neoplastic changes in the lymphoid tissue around the naso- 
lacrimal duct may be the cause of the association in these patients. 

In one woman aged 35, pain and watering of the eye had been precip- 
itated by emotional upsets; her brother had a watery eye and migraine. 

A man aged 50 and a woman aged 61 with endocrine exophthalmos 
complained of unilateral epiphora. The mechanism of the watering is not 
known, but appears to rest on a paroxysmal hypersection with impairment of 
drainage. Syringing of the naso-lacrimal duct could be performed easily in 
both patients, but fluorescein failed to drain. It may be that the over- 
exposed conjunctivae in these widely-open eyes are subject to an abnormal 
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degree of irritation causing lacrimation with a reflex oedema and congestion 
of the naso-lacrimal pathways. No treatment helped the woman patient 
and, although a cure of the watering confirmed by the dye test was achieved 
in the man after a course of exercises, it is likely that this success was due to 
an incidental spontaneous improvement. 

In two men the onset of epiphora followed an attack of herpes zoster 
ophthalmicus. 

In several other cases an obvious reflex cause for watering of the eye was 
found. 

The other cases seen in the course of this investigation have been excluded 
from discussion, either because of lack of clinical data or because no final 
assessment of their symptoms has been made. 

No patients with congenital stenosis of the duct have been included in this 
series. 


Diagnosis 


The affections described encompass the likely causes of symptomatic 
epiphora and the following schema may assist in making a diagnosis: 


(1) Elimination of gross pathology. 

(2) Elimination of obvious causes such as ectropion, ingrowing lashes, etc. 

(3) Examination by a rhinologist. 

(4) Consideration of radiological evidence. 

(5) Exclusion of affections of the canaliculus by exploratory probing and 
syringing. 

(6) Exclusion of completely blocked naso-lacrimal ducts by a test with pressure 
syringing. : 

(7) Investigation of partial blockage of the naso-lacrimal duct by considering 
the therapeutic benefits of syringing. Patients with a partial blockage, 
through which it is very difficult to syringe despite occlusion of the upper 
punctum, do not benefit from pressure syringing. 

(8) Consideration of the possibility that the patient has naso-lacrimal catarrh: 
bilaterality, dye test demonstrating free drainage (50 per cent. of cases), 
naso-lacrimal ducts patent to syringing, slight conjunctival hyperaemia, 
poor: response to syringing, good response to decongestive measures. 
In male patients naso-lacrimal catarrh is the most common cause of 
epiphora. 

(9) Consideration of the tone of the orbicularis oculi, retraction of the lower 
lid, and slight eversion of the punctum. A favourable response to a 
course of orbicularis exercises will tend to confirm the impression that 
the symptoms are due to “weak muscles’”’. 

(10) Demonstration of normal drainage by the dye test and absence of objective 
evidence of excessive lacrimation indicate that the epiphora may be of 
functional origin. 
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There will still be a number of cases in which the diagnosis will remain 

in doubt. 
Discussion 

The more difficult the diagnosis, the more will some interesting individual 
detail appear important and obtrusive, so that inclusion in a particular diag- 
nostic group becomes impossible. The undiagnosed cases were grouped with 
the purpose of avoiding this impasse, in the hope that they would show, 
when viewed together, some common features. It was expected that 


patients with weakness of the orbicularis oculi might form such a sub-group, 
but the existence of the group with “naso-lacrimal catarrh” only became 


evident as the investigation proceeded. 


(1) Sex Differences.—In no group did men preponderate. In patients with 
completely blocked ducts the sex ratio was more than four females to one male; 
in patients with partially blocked ducts it was more than two to one, in naso- 
lacrimal catarrh one to one, and in the undiagnosed group three to one. These 
figures suggest that the condition of “blocked duct” is essentially a disease of 
women and that the diagnosis of a partial block in some cases was in fact erroneous. 
The undiagnosed group may also bear some relation.to the “blocked ducts”, but 
in only seven was there the slightest difficulty in syringing. 

Women tend to lacrimate more than men; they are more subject to emotional 
weeping and the reddening and congestion of the eyes and conjunctiva, which 
always accompany a flow of tears, may also affect the naso-lacrimal duct. 
Emotional upsets without frank lacrimation may also affect the vascularity of the 
mucous membranes. Women should thus have a tendency to greater variation in 
the permeability of the lacrimal passages consequent on vascular congestive 
changes, and this, coupled with a slight but real narrowing of the bony canal as 
compared with that in men, may reinforce their tendency to be affected by a 
complete blockage of the naso-lacrimal duct. This leads to the further infer- 
ence that women should be more subject to naso-lacrimal catarrh, but the 
figures obtained tend to be weighted in favour of the men who are much more 
frequently subject to exogenous irritations of the mucous membranes. 

The endogenous causes for epiphora are characteristic of women but not exclu- 
sively so, and because of the relative narrowing of the bony naso-lacrimal canal, 
a complete blockage is more frequent in women. On the other hand, exogenous 


causes are found almost exclusively in men. 


(2) Age at Onset.—Although varying slightly in the different groups, the findings 
indicate that epiphora, whatever its cause, is predominantly an affliction of patients 
in the 40- to 60-year age group. This applies to both men and women but there 
also appears to be an additional peak of incidence in men over the age of 65. 

Partial blockage of the duct is rarely seen in patients over the age of 54. 


(3) Laterality.—Blocked naso-lacrimal ducts tend to be unilateral and other 
causes of epiphora bilateral. 
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There seems to be little variation in the proportion of unilateral to bilateral 
cases of blocked ducts (approximately 6:1) between the sexes, but in cases of naso- 
lacrimal catarrh, the men showed a ratio of 1:3 and the women 1:1, so that in this 
group, unilaterality is more common in females. In the group of undiagnosed 
cases the ratio was 1:1 for both sexes. 


(4) Family History.—A positive family history was obtained in 29 per cent. of 
cases of completely blocked duct and in 13 per cent. of cases of partially blocked 
duct, the incidence being similar in both men (6 of 28) and women (17 of 76). A 
positive family history was also obtained in 11 per cent. of men and in more than 
26 per cent. of women with naso-lacrimal catarrh, and in 21 per cent. of women and 
10 per cent. of men in whom the epiphora was undiagnosed. 

Thus, the occurrence of the symptom in other members of the family is a feature 
of women with symptomatic epiphora, whatever its cause. In men, a familial 
incidence of the symptom occurs only when the duct is completely blocked. One 
may infer from this that a blocked duct is less common in men, because only in 
certain families do the anatomical predisposing features occur in the male sex. 
There is a slight tendency for a positive family history to be more common in 
women with a complete blockage of the naso-lacrimal duct than in the other groups. 


(5) Nasal Disorder.—The incidence of nasal disorder is frequent in all groups 
and may lead to or be associated with an upset in the lacrimal pathway in a pro- 
portion of cases. Treatment of the nasal condition is rarely completely successful 
in alleviating epiphora. 

The results of Schirmer’s test indicate that a hypersecretion of tears is an additional 


factor in cases of blocked duct and that this is more marked in patients with a 
mucocoele. This test is not very reliable and a comparison of the affected side 
with the unaffected side is probably a better means of interpreting the values ob- 
tained. These are shown in Table I, but the evidence is insufficient for any definite 
conclusions to be drawn. 

It is difficult to overestimate the. value of the dye test which often indicates the 
nature of the case within a minute or two. It is also valuable in distinguishing 
the patient who complains of epiphora despite perfect functioning of the lacrimal 
apparatus. 

Naso-lacrimal catarrh is thought to be the cause of epiphora of many of our 
patients. The mucous membranes are subject throughout life to the assaults of 
dust, dirt, smoke, wind, heat, cold, injurious radiations, chemicals, and bacterial 
contamination from the atmosphere, the fingers, or the nose, but some persons 
also have an undoubted inherent hypersensitivity of the membranes which may 


be somatogenic or psychogenic in origin. In this way a psychological upset may 
provoke an organic defect of tear drainage, and a combination of susceptibility 


and external sources of injury determines the occurrence of epiphora in many 
patients. 

The basic pathology of blockage of the naso-lacrimal duct has not been 
determined histologically, but this work, so far as it goes, tends to confirm previous 
theories that congestion and swelling of the mucous membranes are probably a 
Stage in its causation. 
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Conservative treatment often fails to relieve the complaint, and the surgeon 
undertaking it may often tread as long and as weary a path as the rhinologist 
attempting to cure nasal catarrh or the ophthalmologist attempting to cure chronic 
conjunctivitis. 


Summary and Conclusions 


Symptomatic epiphora is presented as a clinical and pathologica) problem. 

A suggested scheme of investigation is described. A series of clinical 
examinations based on such a scheme has revealed two main groups of case 
other than those of blocked naso-lacrimal duct. One of the group comprised 
many cases which remained undiagnosed but the other group of cases was 
postulated as suffering from “naso-lacrimal catarrh”’, a low-grade congestion 
and swelling of the mucous membrane of the conjunctiva, canaliculus, 
lacrimal sac, and/or naso-lacrima) duct. 

A clinical analysis of each of these clinical groups led to the following 


findings: 


(1) A few men and a larger number of women are anatomically predisposed to 
a blockage of the naso-lacrimal duct. 


(2) The diagnosis of a blocked naso-lacrimal duct is more common when the 
condition is unilateral, and is most often seen in females; that of naso- 


lacrimal catarrh is more common when the condition is bilateral, and 
occurs most frequently in male patients. 


(3) Many ducts which are apparently blocked respond to pressure syringing, 
which is a useful diagnostic and therapeutic procedure and is not considered 


dangerous. 


(4) The conservative treatment of naso-lacrimal catarrh as practised by the 
author in 36 cases with a demonstrable defect of drainage was followed by 


objective evidence of cure in sixteen cases. 


The author would like to thank the surgeons who have referred cases to his clinic and to express 
his gratitude to Mr. A. J. B. Goldsmith for his generous help in the preparation of this paper. 
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INVOLUNTARY MOVEMENTS OF THE EYE DURING 


FIXATION AND BLINKING* 
BY 
B. L. GINSBORG} anv D. M. MAURICE 


Ophthalmological Research Unit (Medical Research Council), Institute of Ophthalmology, 
University of London 


SEVERAL authors have investigated recently the small movements of the eye- 
ball which occur during fixation, by recording the movement of a beam of 
light reflected from the cornea itself (Lord and Wright, 1948), from a small 
drop of mercury on it (Barlow, 1952), or from a plane mirror on (Ratliff 
and Riggs, 1950; Ditchburn and Ginsborg, 1953) or attached to (Fender, 
1955) a contact lens. These methods have all demonstrated the existence 
of flicks, originally observed by Adler and Fliegelman (1934), in which the 
eye rotates through a few minutes of arc in a few hundredths of a second. 

We have found that rapid movements of the eye may also be made apparent 
by viewing a slow running’ time-base on the face of a cathode-ray oscillo- 
scope. The effect can conveniently be obtained by fixing the gaze on a 
vertical trace 5 to 10 cm. in length and of spot velocity 50 cm./sec. at a 
distance of 1 to 2m. As would be expected, the trace generally has the 
appearance of a flickering straight line, but from time to time small transient 
deviations occur. Presumably, movements of the eye cause a displacement 
of the spot over the retina and the trace appears to be deviated in the opposite 
direction. 

Descriptions of the deviations were obtained from 24 observers. Usually 
the deviations corresponded to a rapid movement away from the line followed 
by a slightly slower return (Fig. 1). Their amplitude subtended from 4 to 


Fic. 1.—Typical appearance of trace resulting 


from involuntary movement on fixation. Spot 
moving downwards. 





—_—— 


* Received for publication October 6, 1958. 
+ Present address: Department of Pharmacology, University of Edinburgh. 
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30 min. arc at the eye, the great majority being between 10 and 20 min arc. 
Their duration was between 10 and 30 msec., and they occurred at an average 
rate of 2 to 40 per min. for the different observers when fixing for periods of 
15 to 30 sec. Generally they appeared more frequently on one side of the 
line than on the other. Their characteristics were independent of the 
illumination and it did not matter whether the observer fixed a point on the 
trace or allowed his gaze to wander alongit. They occurred more frequently, 
however, if the observer’s concentration was impaired by fatigue. 

Similar observations were made with the trace running horizontally. The 
majority of subjects saw deviations, generally upwards, of 4 min. arc or less; 
their appearance was distorted by the side-to-side movements which were 
larger and of velocity comparable with that of the trace. Two observers 
saw deviations similar in magnitude to the horizontal deviations and three 
observers saw no vertical deviations. 

The duration and magnitude of the deviations are similar to those which 
would occur as a result of the flicks which have been recorded objectively, 
and this suggests that the two phenomena are associated. In the case of 
five subjects, whose eye movements had been previously recorded objectively, 
it was found that the frequency of the deviations observed subjectively was 
generally lower than that of the recorded flicks by a factor of two to three. 
However, observation of random electrical pulses displayed on the base-line 
showed that the probability of detecting them fell off rapidly when they were 
reduced to 4 min. arc at the eye. Flicks as small as 2 min: arc have been 
recorded objectively and this may account for the lower frequencies recorded 
subjectively. 

Allowing that the movements observed by the two methods correspond, 
it is interesting to note how their form differs. Observed objectively, the 
eyeball undergoes a more or less constant angular displacement which it 
maintains for a relatively long time; the trace on the cathode ray tube, on 
the other hand, suffers only a transient deviation from the baseline. This 
suggests that a rapid shift of the fixation point over the retina must be 
associated with the flick. 

Separate images of the trace could be seen by the two eyes by placing a 
prism in front of one of them. The deviations of the two traces appeared 
identical both in the horizontal and vertical directions. This remained true 
when a contact lens was inserted into one eye only, thus confirming that the 
contact lens has no appreciable effect on the movement of the eye during a 
flick. 

Ginsborg (1952), recording the reflection of a beam of light from a contact 
lens during a blink, concluded that the eyes made an inward and upward 
movement. The geometry of his apparatus, however, allowed eye move- 
ments during blinking to be investigated only when the eyes were initially 
looking in one fixed direction. These movements can be observed subjec- 
tively with the observer looking initially in any direction. The time-base of 
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a cathode-ray oscilloscope is viewed with one eye only under the conditions 
described earlier with the head tilted or turned at the required angle. Volun- 
tary blinks and protective blinks, excited by lightly striking the face in the 
region of the eye with rubber tubing, give similar movements, the latter being 
more rapid. When the head is turned to the left, the image of the vertical 
trace deviates to the right on blinking, and vice versa (Fig. 2). 





Fic. 2.—Appearance of trace on blinking, observed 
with right eye with head turned to left. Spot 
moving downwards. 


This result, obtained with either eye, shows that they rotate towards the 
primary position at the beginning of the blink. Corresponding movements 
of the horizontal trace are obtained on blinking when the head is tilted for- 
wards or backwards. There is a position of the eye, looking slightly down- 
wards and about 10° inwards, from which no marked deviation of the trace 
occurs. Since there is no rotation of the eye up to the time the lids cover the 
pupil it is probable that the eye takes up this position when the lids are shut. 
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VITAMIN B,, AND HERPES ZOSTER OPHTHALMICUS* 
BY 


J. M. HEATON+ 
Bristol Eye Hospital 


VITAMIN B;> is quite often given to patients with herpes zoster ophthalmicus 
as it has been reported to reduce the severity of the disease and the incidence 
of complications (Maclatchy, 1956; Réssler, 1956). I thought that it would 
be interesting to see whether there was any evidence of vitamin B,> deficiency 
in these patients. 


Method 


Sixteen patients with herpes zoster ophthalmicus were examined and a history 
was taken, chiefly to make sure that they had not been given vitamin B,, recently 
in any form. Sixteen controls of the same sex and approximately the same age 


(+4 years) were also examined. 
The serum B,, concentrations were measured by microbiological assay using 
the green alga Euglena gracilis var. bacillaris as test organism (Ross, 1952). 


Results 


The results are summarized in the Table (opposite). The mean total serum 
B,2 concentration of the sixteen patients was 537 pug./ml. and the mean free 
serum B,, concentration was 42 wyg./ml. The total serum B,, concentration 
of the sixteen controls ranged from 240 to 900 pyg./ml. (mean 499 pyg./ml.). 
The free serum B,, concentration of the controls ranged from 5 to 103 yyg./ml. 
(mean 35 pyg./ml.). 

There was no relationship between the serum B,> levels and the severity 
of the disease or incidence of complications in these patients. 


Comment 


These results show that there is no deficiency of vitamin B,, in patients 
with herpes zoster ophthalmicus. If large doses of vitamin B,, are given 
to patients with a normal serum B,, level then almost total excretion of the 
vitamin occurs (Sokoloff, Sanneman, and Beard, 1952). It seems unlikely 
therefore that this vitamin would be of much use in this disease. 

No controlled trial has shown that vitamin B,, is of use in herpes zoster 
ophthalmicus. Helle and Ohela (1955) carried out a trial on three groups 


* Received for publication September 23, 1958. 
+ Present address: Institute of Ophthalmology, Judd St., London, W.C.1. 
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TABLE 


COMPLICATIONS AND SERUM Bj2 LEVELS OF SIXTEEN CASES OF HERPES 
ZOSTER OPHTHALMICUS 























: Free Total 
oa 65) Sex Complications oe ve) se ve) 
: Hpg./ml.) | (#yg./ml. 
4 
1 64 F Anterior uveitis 37 450 
2 78 F Keratitis 27 630 
3 70 M Keratitis; post-herpetic neuralgia 32 1,000 
4 74 F Post-herpetic neuralgia 60 240 
5 63 M Partial third nerve palsy 30 460 
6 65 F Episcleritis 5 420 
7 41 M Keratitis 85 360 
8 68 M Anterior uveitis 90 1,000 
9 63 F None 5 300 
10 61 F Anterior uveitis; secondary glaucoma; 50 540 
partial third nerve palsy 
11 53 M Keratitis; anterior uveitis 55 720 
12 73 M Keratitis; anterior uveitis; post-herpetic 5 140 
neuralgia 
13 69 F Anterior uveitis 5 280 
14 37 M Keratitis; anterior uveitis 155. 570 
15 55 M None 5 880 
16 63 F Keratitis 35 600 








of herpes zoster patients with neuralgia, in which one group was given 
vitamin B,>, one vitamin B,, and one local treatment alone. They found 
no significant difference between the three groups in the time that the pain 
persisted. Probably the results would be the same in herpes zoster 
ophthalmicus. 


Summary 


No evidence of vitamin B,, deficiency was found in sixteen patients with 
herpes zoster ophthalmicus. Probably vitamin B,, has no effect in reducing 
the severity of this disease or its complications. 


I should like to thank the consultants of the Bristol Eye Hospital for permission to study their 
patients, and Miss A. Sinclair Rose, of the Public Analyst’s Department, Canynge Hall, Bristol, 
for the microbiological assays. 
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REPAIR OF PERFORATING INJURY WITH A 
SCLERAL GRAFT* 


BY 
C. R. KANAGASUNDARAM 
Eye Infirmary, Wolverhampton 


Case Report 


A man aged 30, was seen on September 20, 1957, soon after receiving an injury to the 
left eye from a metal rod which he had been trying to straighten, and which sprang up 
and struck his eye a glancing blow. 

Examination.—He had a perforating scleral wound 5 mm. long on the nasal side of 
the cornea about 4 mm. from and almost concentric with the limbus. The edges of the 
wound were rather ragged. Uveal tissue had prolapsed through the gap. A hyphaema 
was present. 

Treatment.—The scleral wound was repaired with two interrupted silk sutures, the 
uveal tissue being pushed back into place. Penicillin was given intramuscularly to 
combat any possible infection. 

The eye seemed to heal without any complications. When the hyphaema cleared, the 
pupil was found to be displaced towards the injury. 

The wound began to gape about 10 days after the repair and was again closed with 
interrupted silk sutures. These sutures cut through the sclera in a few days and allowed 
the uveal tissue to prolapse once more. 


Operation.—Conventional methods did not seem adequate for this case, and it was 
decided to close the gap in the sclera with a lamellar scleral graft. This was done on 
October 11, 1957. The graft was obtained from a donor eye of which the cornea had | 
already been used for lamellar keratoplasty. 

t} The donor area was marked out as a curved strip 6 x 12 mm. adjacent to the limbus, 
a and was dissected off as a layer about two-thirds the normal scleral thickness. A corre- 
? sponding area was prepared as a recipient bed by removing the conjunctiva and peeling 
off a thin layer of the superficial scleral lamellae. No attempt was made to match the 
bed and the graft as regards depth and thickness. 6/0 chromic catgut was used through- 
" out to fix the graft. 
[ Suturing was commenced with a stitch which passed through both lips of the wound 
}} and was brought out through the centre of the graft and tied on its surface. Several 
i interrupted sutures were placed along the edges of the graft. The repair was completed 
with a conjunctival hood flap. Diamox was used post-operatively with a view to 
obtaining a soft eye and thus preventing displacement of the graft during the early stages 
of union. | 

Result.—The eye healed rapidly without any undue reaction and the patient was dis- 
charged 19 days after the operation. Some of the sutures on the corneal side of the 
graft had to be removed a week later, as the short ends were irritating the cornea and 
had caused a small corneal ulcer. The remaining sutures were left undisturbed. A j 
note was made to the effect that the eye was quiet 6 weeks after the operation. 

A vitreous haemorrhage behind the nasal side of the lens was absorbed gradually. -A 
curious feature, noticed when the media had cleared sufficiently, was the presence of 
numerous fine dark granules scattered in the vitreous mainly on the side of the injury. 
These granules are still present. 
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The patient now has a displaced pupil, a localized peripheral post-cortical lens opacity 
on the side of the injury, and an unaided visual acuity of 6/6. The surface of the graft 
is slightly above the level of the rest of the globe, because the graft and its bed were not 
accurately matched. This prominence has remained unchanged until the present. 


Discussion 


Scleral grafting is not a commonly used procedure. This is partly because 
there are few indications for it and partly because the sclera has not been 
considered an ideal tissue for homografts (Rycroft, 1951), which often give 
rise to intense reaction and are ultimately replaced by fibrous tissue. 

Lister (1951) and Sivasubramaniam (1954) used donor material from 
cadaver eyes without any alarming reactions. The case here described 
healed reasonably quickly and the graft itself does not seem to have changed 
during the past year. 

An interesting feature in the published accounts of scleral grafts mentioned 
above is the leakage of aqueous which occurred when the sutures were 
removed in some cases. Another point is that the edges of the donor and 
recipient tissue failed to unite along part of the circumference of the grafts 
in two cases. Silk sutures were used to fix these grafts. They were removed 
about the 10th to 14th day, as is the usual practice in keratoplasty. This 
suggests that scleral tissue takes longer to unite than corneal tissue, and that 
silk sutures should be left in longer or catgut used as in this case. 

Scleral grafts could be used with advantage to seal gaps in the sclera, as 
either homo- or auto-transplants. An interesting possibility is the sealing 
of gaps in the cornea, such as those following corneal ulcers, with a scleral 
graft obtained from the same eye (Larsson, 1948). Such a procedure would 
be particularly useful in a peripheral ulcer where optical considerations were 
not important, especially as donor material for corneal grafting is often not 
available when required for such cases. 


Summary 


Repeated direct suturing of a perforating scleral wound near the limbus 
was not sufficient to close the gap permanently. The injury was successfully 
repaired with a lamellar scleral graft obtained from a cadaver eye. The 
patient made an uneventful recovery with a visual acuity of 6/6 in the 
injured eye. 


I am indebted to Mr. H. Campbell Orr for permission to deal with this case and for valuable 
advice during its management. 
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APPLIANCES 
NEW NEEDLE-HOLDER FOR CORNEAL SUTURING* 


BY 


PETER LOCKWOOD 
St. John’s, Newfoundland, Canada 











THIs instrument was produced after some thought on corneal suturing, 
with the idea of lessening the chances of trauma to the eye which may be 
caused by the lower blade of the standard type of needle-holder dropping | 
or slipping back into the open wound when the needle is released. | 














* Received for publication November 10, 1958. 
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It will be seen that the instrument has a double joint, and, because of 
this, only the upper jaw moves. Similarly one can make sure that the 
lower jaw is always adjacent to the eye whilst using the instrument, and 
that this is a fixed point. Releasing the needle or attempting to get hold of 
it will not move the lower jaw—consequently the lower jaw cannot drop into 
the open wound. I have used the instrument continuously now for about 
18 months and find it very satisfactory. It has also been tried by the 
ophthalmic surgeons at St. James’s Hospital, Leeds, and has met with their 
approval. 

The photographs are, I think, self-explanatory. That showing the whole 
instrument is approximately seven-eighths full size. 


I made this instrument myself, but I should be pleased to let anyone have working drawings 
which would enable any recognized instrument manufacturer to reproduce it. I personally prefer 
an one gg without any clip fastening, but if this is desired, a clip of Silcock’s type could easily 
be include 
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LUMINOUS FRAME FOR RETINOSCOPY* 


BY 


E. NELKEN 


From the Department of Ophthalmology, Hadassah University Hospital, Jerusalem, Israel 


THE purpose of this device is to enable the precise angle of astigmatism to 
be read in the darkroom during retinoscopy. For this purpose the scale of 
the frame and the markings of the lenses are painted with a reflecting sub- 
stance, which has the property of returning light directly back to its source. 
This substance will show up brightly in the dark, when illuminated with a 
weak light and viewed from behind the light source. This principle is the 


same as that used in some traffic signs which are visible in the dark to the 
driver seated behind the headlights of his car. 





FiGure.—Luminous trial frame with cylinder lens as the examiner sees it during 
retinoscopy. The axis of the cylinder lens is clearly visible at 180°. 


The visibility of the scale enables the examiner to read off the angle of the 
astigmatic shadow band directly on the scale. The size of the numbers is 
such that they may be easily read by the examiner at a distance of one 
metre, The axis line of the cylinder lenses is also visible, so that it is possible 
to see and to check the position of the lenses during retinoscopy. 

The numerical strength of all lenses, spherical as well as cylindrical, can 
also be checked during the examination in the darkroom. 


The luminous frame and the lenses are manufactured by Theodore Hamblin Ltd., 
Wigmore Street, London, W.1. 





* Received for publication October 20, 1958. 
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BOOK REVIEWS 


Geographic Ophthalmology. Edited by W. J. Hortmes. 1959. Pp. 135 figs, bibl. 
Blackwell Scientific Publications, Oxford, (635.) 

When we saw the title of the book our hearts thrilled. At last romance was brought 
into ophthalmology, Now we should know why the French or the American Negroes 
do not get trachoma and the Algerians and the Africans do, why uveitis dutifully appears 
in two water-tight compartments (granulomatous and not) in the U.S.A., refuses to be 
so compartmentalized in Europe, and refuses to appear at all in the depths of Brazil. 
But alas! This book, written by twenty authors drawn from all over the world, reveals 
no such secrets. In the first chapter we are told that medical progress (like many other 
things) has reached only some 50 per cent. of the world’s population, that the Pan- 
American Association of Ophthalmology has done an excellent job, and that today world 
ophthalmology has its best centres in America. The writer does not say whether he has 
visited the leading centres in Europe since they have recovered from the last war. The 
second chapter excited our interest—an account of blindness and its prevention in India. 
The remainder of the book is best described as an incomplete clinical account of several 
tropical or semi-tropical diseases as' they affect the eye, without much reference to geo- 
graphical peculiarities—malaria, leprosy (a good section), onchocerciasis, trachoma, 
keratomalacia, pterygium, and others, together with chapters dealing with such surgical 
subjects as corneal incisions and keratoplasty which have no geographical peculiarities 
at all. The chapters on the Smith Indian cataract extraction and on cataract surgery as 
an office procedure (as practised in Hong Kong) certainly have a topical flavour. There 
seems to be something wrong, however, in the integration of the book as a whole. 


Atlas of the Ocular Fundus. By O. MARCHESANI and H. SAuTrer. 1959. 161 plates 
with 262 coloured and 13 black and white figures. Hafner Publishing Company, 


New York. (£30.) 

It is now a considerable time since a first-class atlas of the ocular fundus has appeared, 
so that the publication in 1957 of the Atlas des Augenhintergrunde by Marchesani and 
Sautter of Hamburg was an event of considerable importance. It was an ambitious 
project embracing 161 plates, many of them composite, illustrating the common and 
most of the uncommon pathological conditions of the choroid and retina. The book 
was comprehensive and the illustrations—drawn by an artist—superb. An English 
edition has now appeared in which the descriptive text is in three languages—the English 
by A. Philipp, the French by Jean Nordmann, and the Spanish by Rudolfo Lienau, The 


text is short and succinct but sufficient. It is unfortunate, of course, that the volume is 
sO expensive, but reproductions of coloured plates of the excellence seen in the book 


cannot be produced otherwise. 


Glaucoma (Transactions of the Third Macy Conference, 1958), Edited by F. W. Newell. 
1959. Pp. 272, 72 figs, 21 tables, bibl. Josiah Macy, Jr., Foundation, New York. 
($5.25. 

The ceca on glaucoma sponsored by the Josiah Macy, Jr., Foundation have always 
been worth while; it is indeed difficult for them not to be so in view of the standing of the 
participants. This, the report of the Third Conference, covers three subjects—tono- 
graphy (introduced by Grant) and its clinical applications (Roberts), osmotic factors in 
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the formation of the aqueous humour (Barany), and consensual changes in the intra- 
ocular pressure under experimental conditions (Perkins). The Chairman was Kronfeld, 
and the Editor, Frank Newell of Chicago. The report makes interesting reading; it is 
fascinating to see how the minds of those taking part work with the rapid fire of question 
and answer; but there is no doubt that the (apparently almost) verbatim reporting tends 
to diffuseness, a certain straying from the subject, and a muddling of the reader’s mind. 
It may be, of course, that much would have been lost by stricter chairmanship or more 
ruthless editing; it is certain that the book as it stands is not easy to read. A compre- 
hensive summary by the Chairman at the end of each session might help to bring out the 
main lines of the discussion and to emphasize the important points. 


Year Book of Ophthalmology (1958-1959 Series). Edited by Derrick Vail. 1959, 
Pp. 407, 78 figs. Year Book Publishers, Chicago. 

The latest edition of the Year Book of Ophthalmology (1958-9) is better than ever. It 
begins with a short chapter on recent advances in the diagnosis and treatment of simple 
glaucoma, and thereafter goes systematically through the important contributions made 
in our knowledge of diseases of the eye, its adnexa, and the relevant neurology. As usual, 
the choice of papers selected for discussion has been wide and wise; the abstracts are full 
and fair; and, above all, the personal remarks by the Editor, appearing almost on every 
page, are profoundly wise, rightly sceptical or enthusiastic, and not infrequently delight- 
fully witty. To have abstracted most things that matter from the vast literature in many 
languages that appears each year is an immense task; to have done it so well and with 
judicial criticism is almost superhuman. All of us are in the Editor’s debt, and those of 
us who do not have his industry and wide grasp of all aspects of ophthalmology receive 
each year a gift not lightly to be despised. 

Our underground bush-telegraph tells us that next year the Editorship is going into 
other hands. The present volume shows no signs of fatigue or senility; but whatever 
the reason we are sorry. Our sympathy also goes out to his successor, for the standard 
he must maintain is high indeed. 





NOTES 


OPHTHALMOLOGICAL SOCIETY OF THE UNITED KINGDOM 
Annual Congress, April 9 to 11, 1959 


The 79th Annual Congress of the Ophthalmological Society of the United Kingdom 
was held at the House of the Royal Society of Medicine, on April 9 to 11, 1959. 

Mr. R. C. Davenport, President of the Society, was in the Chair, and over 300 members 
and their guests attended, including several distinguished foreign visitors. 


Presidential Address: ‘Facets of Glaucoma’.—Mr. Davenport considered the relation- 
ship between myopia and glaucoma, recalling that association of the two conditions was 
not as uncommon as is often supposed. He then discussed the relationship between 
glaucoma and obliterative arterial disease and its possible aetiological significance. 


Main Discussion: ‘The Swollen Optic Disc’.—Mr. Desmond Greaves stressed the need 
of recognizing the wide limits of normal and congenital anomalies and of distinguishing 
them from early pathological changes. He discussed the vascular arrangement at the 
nervehead and the absence of any considerable connexion between the central artery of 
the optic nerve and the circle of Zinn on the one hand and the central retinal artery on 
the other. 
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NOTES 447 


He then drew attention to the importance of the degree of swelling of the optic disc 
and the loss of function, as the relationship between the two gives much help in diagnosis 


—this point was also referred to by the later speakers, as was the terminology. All 


agreed that papilloedema was an unsatisfactory term, especially for universal application 


to the swollen optic disc, but recognized that its use was so well established that attempts 
to abolish it were probably unrealistic. 

Dr. S. P. Meadows discussed swelling of the optic disc in various clinical conditions, 
particularly raised intracranial pressure, but said that the latter could not be ruled out 
merely because the optic nerve was not swollen. The degree of swelling was variable, 
even in conditions such as cerebellar tumours, which are particularly prone to cause early 
papilloedema. He referred to the cardinal importance of the swollen disc in malignant 
hypertension and the response of these cases to treatment. He discussed retinal vascular 
occlusion and degenerative conditions of the optic nerves and their differential diagnosis. 
He also discussed benign intracranial hypertension and the striking picture which the 
discs present. Another unusual picture which he showed was one of papilloedema and 
retinal haemorrhages in a case of emphysema. 

Mr. Charles Cook showed a number of slides to demonstrate the histological changes 
which take place in swelling of the disc and to show how the retina in the immediate 
neighbourhood was shallowly detached. The course taken by the optic nerve fibres in 
papilloedema and the importance of the cul-de-sac of the subarachnoid space were both 
clearly shown. 


Symposium: ‘The Treatment of Ocular Injuries’.—Mr. John Whitwell, who considered 
“Non-Perforating Injuries”, felt that their treatment was almost as dull as refractions. 
He found little to choose between Albucid and Polyfax as a routine ointment after corneal 
foreign bodies—the commonest of all injuries. He thought rust rings should be removed 
early. He made a plea for the admission to hospital of all cases of traumatic hyphaema 
and the proper resting of all cases of considerable trauma, particularly in view of the 
danger of secondary haemorrhage and glaucoma, which are very difficult to treat and 
may lead to loss of useful vision or even of the eye.. The operation of choice was cyclo- 
diathermy in cases in which glaucoma occurred. Subconjunctival Papaverine was 
suggested as a treatment for commotio retinae. The need to search the retina for tears 
even in the absence of retinal detachment was stressed. 

Mr. M. J. Roper-Hall, who dealt with “Perforating Wounds”, said that the recent 
improvement in the treatment of those wounds without retained foreign bodies was 
probably due to the meticulous suturing of the corneo-scleral wounds and the injection 
of air into the anterior chamber. The latter not only checked that the suture line was 
water- (or air-) tight but also discouraged anterior synechiae. Conjunctival flaps had 
been almost abandoned. He made a plea for the use of magnification so that the surgeon 
could really see what he was doing—even those surgeons who were not yet so presbyopic 
as to need reading glasses. 

Reposition of prolapsed iris—in very recent injuries—seemed to be justified in some 

cases. 
With reference to intra-ocular foreign bodies, he felt that there was not so much hurry 
to remove them that accurate localization could be overlooked. - It was better to wait a 
while if proper x rays or theatre facilities were not immediately available. He personally 
favoured the use of a ‘‘ Mellinger” magnet, especially for posterior route removal, which 
was the method of choice in most cases, unless the lens was much damaged already. 

Diathermy was not necessary to stop detachments after posterior route removal, as the 
passage of the foreign body set up enough choroiditis to do that, but diathermy might 
teduce the risk of vitreous haemorrhage. With non-magnetic foreign bodies it was 
justifiable to wait a week or two to gauge the strength of the ocular reaction, as removal 
of these objects was likely to be very traumatic. 
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448 NOTES 


Mr. Giles Romanes based his paper on ‘‘ The Treatment of Eye Burns” on cases treate« 
at East Grinstead. He stressed the need for immediate action to cover the cornea where 
there was loss of lid tissue, and he discussed the use of a bipedicle conjunctival flap fcr 
this purpose and other possible methods. In chemical burns the cardinal place of 
immediate and prolonged irrigation was agreed by all. 


Bowman Lecture.—Professor Louis Paufique of Lyons chose as his subject ‘‘The 
Present Status of the Treatment of Retinal Detachment’’. He surveyed the history of 
detachment surgery since the days of his youth, before Gonin had performed his first 
successful operation, recalling that, even in 1929, Prof. Gayet had declared that ‘‘to wish 
to treat a retinal detachment one must be either a charlatan or a fool’’. 

Paufique recalled the crude results with Gonin’s thermo-cautery, then Weve’s intro- 
duction of diathermy and his method of localizing retinal tears by trans-illumination 
then in 1950 the operation of lamellar scleral resection (replacing the more dangerous 
and difficult full-thickness resection of Miiller and Lindner) which had been elaborated, 
particularly by Shapland in England and Paufique himself in France, until it had become 
the operation of choice in about 50 per cent. of cases of retinal detachment. Finally, he 
dwelt in some detail on the latest advances—vitreous transplantation (using powdered 
lyophilized vitreous) and light-coagulation. 

In evaluating his latest 524 cases, Paufique recorded a success rate of 70 per cent. (a 
figure that corresponds with most other recent assessments); of those that failed, in 15 per 
cent. the nature of the detachment could be said almost to have precluded a cure, but it 
remains difficult to explain why the other 15 per cent. were unsuccessful. Paufique then 
discussed the various factors in the pathogenesis of such detachments and presented 
impressive histological evidence of congenital choroidal lesions which he felt might well 


be responsible and merit prophylactic surgery. 


Short Papers 


Mr. R. W. Stephenson assessed the use of miotics in convergent squint, especially in patients 
that are fully accommodative with convergence excess; he had used diisofluoropropyl in a series 
of cases with limited success. 

Dr. Eric Linnér, from Goteburg, Sweden, assessed the rate of aqueous flow in disordered adrenal 
function, where the usual decrease at night was found to be significantly less pronounced. 

Mr. Frank Law assessed the George Young threshold test in the diagnosis of early glaucoma. 

Mr. A. G. Cross described some cases of successful treatment of persistent vernal catarrh by 


the inlay of buccal mucous membrane. 
Mr. H. B. Stallard emphasized some important practical points in the early surgical treatment 


of eyelid injuries. 
Mr. Arthur Lister discussed the gonioscopic appearance of the drainage angle in infantile 


glaucoma. 

Dr. F. Papolczy described a plastic repair of cicatricial ectropion by free transplantation. 

Brig. J. D. Welch discussed the ideal layout and organization of an ophthalmic out-patient 
department. 

Mr. Dermot Pierse described a new method for cutting corneal grafts. 

Mr. Derek Ainslie reviewed his results in a hundred penetrating corneal grafts. 

Mr. W. E. S. Bain described the results shown by the recording tonometer recently introduced 
by Dr. Maurice, which allows the subject to move freely while wearing it. 

Mr. L. G. Fison gave-a pictorial demonstration to illustrate the difficulties in differential 
diagnosis of secondary retinal detachments and the advantages of binocular ophthalmoscopy. 

Mr. P. D. Trevor-Roper considered the evolution of visual artistry, attempting to bridge the 
gap that separates the non-representational “art” of birds and primates from the representational 
art of primitive man, in the light of the developmental stages of child art, near-blind painting, and 


blind sculpture. 
Mr. F. C. Rodger described his investigation of the effects on glaucoma of citral and vitamin A. 


In addition several films were shown. 
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STRABISMUS, ANISOMETROPIA, AND AMBLYOPIA* 


BY 


CALBERT I. PHILLIPS 
Department of Ophthalmology, University of Bristol, and the Bristol Eye Hospital 


EVIDENCE will be presented in this communication to support the hypothesis 
that anisometropia per se does not produce strabismus, but that, for hyper- 
metropes, the refraction of the better eye is an important factor. Further, 
the clinical entity of anisometropic amblyopia and its treatment will be 
discussed. Finally, some comments will be made on optical correction in 
anisometropia. The case records used for the statistical analysis were all 
obtained from Moorfields Eye Hospital (High Holborn Branch); others 
came from a variety of sources, including Bristol Eye Hospital. 


I. ANISOMETROPIA AND STRABISMUS 


The association between anisometropia and strabismus is well known. 
The existence of many cases of anisometropia without strabismus suggests 
that some factor in addition to anisometropia must play a part in producing 
a squint, for example a refractive error in the less ametropic eye (as Lyle, 
1950, suggests) or, alternatively, the amount of spherical and cylindrical 
anisometropia present. In order that these factors could be investigated, 
comparisons were made between groups of (a) squinting and (b) non- 
squinting anisometropes. 


Material and Methods 


From the records of the Orthoptic Department, Moorfields Eye Hospital (High 
Holborn Branch), cases of anisometropia attending at any time between 1953 and 
1958 were selected. The criterion of anisometropia was a difference between the 
two eyes of one dioptre or more, either of sphere or of cylinder. A squint was 
considered to be present only if it was manifest with and without. glasses for all 
distances when the cover test was used. Cases of anisometropia with a history 
or clinical evidence of previous inflammation, injury, incomitance, etc., were 
excluded. 

The selection of the control sample presented many difficulties which could not 
all be resolved completely beyond criticism. Ideally, the investigation should have 
made use of a cohort analysis—in this case the examination of a large number of 





* Received for publication August 24, 1958. 
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children aged, say, 2 years, and the annual follow-up of those who were aniso- 
metropic to discover which would develop strabismus. This was impractical for 
the writer. In order that sufficient controls might be found, the records of the 
general Out-patient Department, in addition to those of the Orthoptic Depart- 
ment, at Moorfields Eye Hospital (High Holborn Branch) were searched for non- 
squinting anisometropes who had a one or more dioptre difference in sphere or 
cylinder between the two eyes. This group had many defects as a control sample 
but corrections were used for the main ones. The greatest difficulty was the fact 
that these patients were usually much older when first seen at hospital, no squint 
having been present to draw attention to their abnormality at an earlier age. A 
second difficulty was that many, unlike the squinting anisometropes, had not been 
refracted after cycloplegia. A third objection could be raised, viz. that the search 
for squint was less stringent in patients who merely attended for correction of 
their refractive errors than in those who attended the Orthoptic Department; also, 
the refractionists may have omitted to record a squint which was present: how- 
ever, both these factors would bias the figures below against the hypothesis being 
tested. Cases of bilateral anisohypermetropia, bilateral anisomyopia, and 
antimetropia were classified separately. 

For each case, a calculation was made to estimate what the refraction would 
have been after cycloplegia by atropine at the age of 7 years. For the non- 
squinting anisometropes, the older group, the result was much less certain than 
for the others: when no cycloplegia had been used the amount of total hyper- 
metropia was estimated from a Table compiled by Duke-Elder (1949a); the allow- 
ance made for age was based on a Table showing the average annual change in 
refraction (Brown, 1938). So that confusion from the under-correction of hyper- 
metropic errors could be avoided, the actual retinoscopic figures were used minus 
1:25 (unless an unusual distance had been chosen for retinoscopy; if this was not 
recorded then a serious defect is present in these statistics). There was no reason 
to suppose that the refractionists of the squinting group were different from those 
of the non-squinting group. No data are available on the behaviour of astigmatic 
errors with increasing age so that the amount of cylinder had to be regarded as 
unchanged at whatever age it was found. The sex ratio in the two groups did 
not differ significantly (v2 = 1-75; 0-50>P>0-10) 


Results 


At the stage when the sample sizes were 26 and 21 for the anisometropes 
with and without strabismus respectively, the recently devised X-test of 
Waerden and Nievergelt (1956) was applied. This non-parametric test for 
small samples was particularly appropriate because the distribution of the 
observations did not seem to be so Gaussian as was expected. The test 
value calculated after the observations had been “ranked” was +4-345, but 
this did not reach the level (6:25) required for 95 per cent. significance. 
Accordingly the samples were increased in size. 

The mean spherical error, derived as described above, of the less ametropic 
eyes in the group of forty non-squinting hypermetropic anisometropes was 
+3-08; for the group of 53 squinting hypermetropic anisometropes the 
corresponding figure was +4-66. The difference between these two means 
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was highly significant (t=3-52; n=91; P<0-001) with good (99 per cent.) 
confidence limits. 

Another hypothesis which could explain, in part at least, why squint 
affected one group and not the other is that the anisometropic difference 
between pairs of eyes, and hence the dissociative tendency, might have been 
greater in the squinting group. The reverse, though not very significantly 
(0-05>P>0-02; n=91; t=2-21), was found to be the case, for the mean 
anisometropic difference in the squinting group (2-17) was Jess than that in 
the non-squinting group (3-06). The presence of astigmatism made the 
calculation of the amount of anisometropia difficult. If the effect on visual 
acuity of cylinders, as opposed to spheres, is accepted as a criterion (Eggers, 
1945), the dissociative tendency produced by a one dioptre cylinder, depend- 
ing on its axis, would be less than that of a one dioptre sphere. Accordingly, 
although spherical anisometropia was given its full dioptric value, cylindrical 
anisometropia was scaled down to an admittedly arbitrary 75 per cent. of 
its actual value, irrespective of axis, for purposes of the calculation. 

This finding was rather surprising. It had the effect of reducing the 
significance of the difference between the means of the spheres of the more 
ametropic eyes in the two groups very slightly below the 98 per cent. level 
of significance (P just >0-02; t=2-33; n=91). To disentangle statistically 
the effect of the spherical from astigmatic anisometropia was very difficult, 
especially because of the variable angles of the cylinders. One aspect of 
that problem could, however, be investigated: if the proportion of patients 
in each group with astigmatism of two or more dioptres in the more ametropic 
eye is compared, there is no significant difference (approximately 50 per cent. 
in each group). 

It was impossible, with the information available, to separate cases of 
axial anisometropia from refractive or mixed ones, except in so far as 
astigmatism existed (above). Hence, the effect of aniseikonic (in uncorrected 
axial) anisometropia could not be differentiated from iseikonic (in uncor- 
rected refractive) anisometropia. 

The above observations concern only anisometropes who were bilaterally 
hypermetropic. Of eighteen cases of bilaterally myopic anisometropia, only 
one had a squint—divergent—and none was amblyopic. This finding is 
consistent with the results reported by Jampolsky, Flom, Weymouth, and 
Moses (1955) who explain the absence of amblyopia in such cases by the 
fact that the more myopic eye receives a clear image at some object distance 
so that “‘disuse” is not constant. That explanation is unlikely to apply to 
cases in which one eye is very markedly myopic. A more general explana- 
tion may be that the age of onset of anisomyopia is later than that at which 
amblyopia is likely to occur. 

Antimetropes were also few (20). Thirteen of them had no squint; five 
of the seven squinting antimetropes showed divergence and two convergence. 
A convergent squint was present if the hypermetropic eye had over +4 
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dioptres of error. Manifest divergence occurred even when the better eye 
was approximately emmetropic; in these, however, the myopic fellow had a 
very marked error (more than -7D sph. or, in one case, -4 D cyl. 


with —3 D sph.). 


II. ANISOMETROPIC AMBLYOPIA (WITHOUT STRABISMUS) 


The term anisometropic amblyopia does not seem to be in current use to 
describe the poor visual acuity often present in the more ametropic of a pair 
of anisometropic eyes which are normal in every other respect. This term 
is suggested for use when the degree of the refractive error cannot alone 
account for the poor acuity in the more defective eye, because it describes 
the condition without implying the exact mechanism. The cause may be 
“‘disuse”’, i.e. the blurred condition of the retinal image from an early age 
in the affected eye prevents the macula from “learning” the form sense; or 
more active “suppression” because of difficulty in fusing dissimilar images, 
especially if they be unequal in size. Aniseikonia may well be important 
if the anisometropia is mainly axial; correction with spectacles in such cases, 
as well as clarifying the blurred images, would also reduce, but not abolish, 
the aniseikonia (if spectacles are worn behind the anterior focal point of the 
eye, as is usual). 

It is curious that the condition as such receives little attention in standard 
text-books. McMullen (1939) discussed the condition and stated his belief 
that disuse is the cause. Sugar (1944) used the term “suppression amblyopia”. 
Lebensohn (1957) preferred “accommodative amblyopia”. Copps (1944) 
also drew attention to the condition. Kramer (1949) suggested that disuse 
initiates the poor acuity which is then followed by suppression. 

Treatment by total occlusion of the eye with the better =, has produced 
good results in many cases in this series. _ 


A girl aged 13 years, whose visual acuity was 6/6 in the right eye with + 1-25 D 
sph., +0-5 D cyl., axis 90°, and 6/24 in the left with +3-5 Dsph., +0-5 D cyl., axis 
90°, improved to 6/12 in the left eye after 3 months of occlusion of the right lens 
(her parents refused to allow occlusion to be put on the face or to continue occlusion 
longer). 

On the other hand, a boy aged 6 years who had been found to have poor visual 
acuity in the left eye at a routine school examination, had visual acuity 6/9 in the 
right eye with +3 D sph. and 6/36 in the left with +8 D sph. After 2 months’ 
occlusion of the right eye, the visual acuity in the left had improved only to 6/18, 
but treatment is being continued. 


Even slight degrees of amblyopia are worth treatment by occlusion. A boy 
aged 10 years who had visual acuity 6/12 in the right eye with +3-5 D sph., and 
6/6 in the left with +1 D sph., +0-5 D cyl., axis 90° improved to 6/6 (partly) in 
the right eye after 3 months of occlusion; this improvement having been achieved, 
the wearing of glasses was discontinued. 
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If anisohypermetropia is axial in origin, and marked, equal visual acuities 
should not be expected from occlusion, because the retinal image will be 
smaller in the worse eye than in the better, even when both are fully corrected 
(see below under “‘Optical Correction of Anisometropia”’). 

No attempt was made to detect any difference between the morphoscopic 
and angular visual acuities, i.e., between the acuities measured by letters and 
Landolt’s rings (see Foster, 1957); unilateral macular agnosia rather than 
general suppression might exist in these cases. 

Occlusion, however, has a danger: it may add another “dissociative” 
factor to the anisometropia and precipitate or aggravate a squint, especially 
in young children who are very hypermetropic. No such case has been found 
in this series which concerns, mainly, older children. A preliminary period 
without occlusion in which the patient wears a full spectacle correction may 
be advisable in order that all possible improvement in vision, binocular and 
uniocular, be achieved without increased risk of a squint. As soon as visual 
acuity commensurate with the refractive error in the more ametropic eye has 
been reached, occlusion must, of course, cease, although supervision at inter- 
vals should be maintained. 

McMullen (1939) advised occlusion for patients under the age of 10 years. 
Bishop (1957), in an excellent survey of the subject, advised intermittent 
occlusion, supplemented by a final period of total occlusion before the 
patient is pronounced “cured”’; patients over the age of 11 years he found 
to give poor results though a trial of occlusion was worthwhile until the age 
of even 14 or 15. 


III. PERIPHERAL FUSION IN ANISOMETROPIC AMBLYOPIA 


The frequent absence of squint, even in very marked anisometropic 
amblyopia, implies that some form of binocular vision probably exists. 
Few eyes with poor visual acuity, including unilaterally aphakic eyes, avoid 
a divergent strabismus. The importance of “peripheral fusion’? in general 
has attracted little attention. Burian (1939) seems to have been the first to 
show the importance of peripheral stimuli for fusion, and Lyle and Foley 
(1955) have investigated the problem recently. The only mention found of 
the possible relation of peripheral fusion to the absence of squint in 
anisometropic amblyopia is by Sugar (1944). 

The cause of anisometropic amblyopia may be mere “disuse”, or “‘sup- 
pression”. It is reasonable to suggest that the tolerance of the peripheral 
tetina of an image slightly more than usually blurred without the develop- 
ment of disuse amblyopia will be greater than that of the macula; similarly, 
tolerance by the two peripheral retinae of aniseikonia is also likely to be 
greater. Thus the peripheral retinae can be expected to retain their binocu- 
larity in optical circumstances in which the maculae are unable to do so— 
hence the absence of squint in cases of anisometropic amblyopia. Ferree 
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and Rand (1932) have shown that a stigmatic image is produced on the 
retina only within a circle of angular radius 10°. Beyond this angle even 
emmetropic eyes can exhibit marked irregularities, most characteristically a 
vertically positive astigmatism. This subject has more recently been investi- 
gated by Weale (1956). Cone density decreases from the macula to the 
periphery but to a less extent than would explain the greater fall in acuity 
(Weale, 1956); Ten Doesschate (1946 and 1949) explains this as due to the 
subservience by a single nerve fibre of a number of cones greater than in the 
central area. These facts all tend to suggest, though they do not provide 
good evidence, that the peripheral retinae could tolerate a greater aniseikonia 
than the maculae. Real evidence exists in the finding that Panum’s areas are 
larger in the periphery (Panum, 1858). In anisometropia, pairs of peripheral 
images may differ proportionately more or less than central ones: this would 
be an interesting subject for investigation. 

The threshold level of anisometropia above which peripheral fusion would 
be expected to become impossible would vary with circumstances, e.g. the 
refraction of the better eye in anisohypermetropia, as has been shown by 
implication earlier in this communication. Inspection of the records of 
divergent squints with one eye emmetropic suggests that a level of more than 

--7 dioptres of difference is incompatible with the retention of (peripheral) 
binocular vision. It is the usual experience that the +10 dioptres of 
difference induced by unilateral aphakia causes complete dissociation. 

Theoretically, unequal axial lengths of the globes could be combined with 
appropriate powers of corneac and crystalline lenses to produce images on 
both retinae which, though clear, would be unequal in size. Such a situation 
would be very likely to permit peripheral fusion but produce a pure anisei- 
konic isometropic amblyopia. (Duke-Elder, 1949b, used the term “‘relative 
anisometropia”: it would produce isometropic aniseikonia.) A careful 
search was made for possible cases but only one potential candidate was 
found in whom no cause had been discovered clinically for unilateral poor 
vision; on. investigation, however, the very small differences in powers 
between the refractive surfaces in his eyes, and therefore the difference in 
axial lengths of his globes, were well within the experimental error of the 


method of investigation. 


TV. OPTICAL CORRECTION IN ANISOMETROPIA 


The usual practice in the treatment of anisometropia with spectacles is 


to make the difference between the two spectacle lenses as near to that 
between the two eyes as the patient will tolerate, though it is frequently 


advisable to undercorrect the more ametropic eye (Duke-Elder, 1954). In 
practice, it is found that myopes, children, and presbyopes who can no 
longer accommodate, will tolerate the full anisometropic difference in their 


spectacles. 





STRABISMUS, ANISOMETROPIA, AND AMBLYOPIA 455 


A common situation occurs when a child has one emmetropic eye and a 
small error in the other, spherical or astigmatic. Provided that any existing 
anisometropic amblyopia has been eliminated and that the child is supervised 
at intervals to avoid its recurrence, the only benefit to be obtained from the 
wearing of spectacles is the slightly greater binocular efficiency than in the 
uncorrected state; whether the disadvantages and possible dangers of 
spectacles should be suffered for the improvement will depend on individual 
circumstances to some extent, but these patients seem usually to suffer so 
little disability when not wearing spectacles that their use is superfluous. 
And it is unlikely that stereopsis once achieved will be lost if glasses are not 
worn. The child often decides the question by refusing to wear prescribed 

Ses. 

- ene common probiem is that of the adult with early presbyopia in 
whom an incidental finding is anisometropia. Prescribing of the full 
anisometropic correction may well result in symptoms; on the other hand, 
since the patient has suffered no previous trouble from his uncorrected aniso- 
metropia, the refractionist can be certain that the use of equal spectacle 
lenses (the less ametropic eye’s reading correction determining their power) 
wili relieve the presbyopic symptoms. This does not necessarily imply what 
is nevertheless quite possible, that anisometropic eyes, if both are hyper- 
metropic, can exert unequal accommodation. Unequally myopic eyes, on 
the other hand, would be expected to choose to allow the accommodation 
of the worse eye, if it is used at all, to accompany pari passu the other’s 
changes rather than maintain constant accommodation in the better eye so 
as to produce myopia equal to that in the worse; hence, bilateral myopes 
usually tolerate their full anisometropic correction well. 

An example will illustrate the problem in hypermetropia. 


A female stocking repairer aged 29 had begun to find blurring of vision, especially 
of the left eye, at work; the refraction was right +1 D sph.=6/5, and (eft 


+2 D sph. =6/5. When these spectacles, the lenses having been centred to avoid 


anisophoria, were worn, aching appeared in the left eye. The symptoms dis- 


appeared when the left lens was altered to +1 D sph. 
It cannot be denied that many patients achieve clearer vision (for distance 
and near) with a full anisometropic correction. This would be expected at 


least in patients completely lacking the power of accommodation or (see 
above) in myopic cases. The following example is typical. 


A female aged 63 achieved a visual acuity of 6/9 in each eye separately with 
+55 D sph., +1 D cyl., axis 180° in the right eye, and +5 D sph., +0°5 D cyl, 
axis 180° in the left, and found slight blurring if a —0-5 sphere were placed in front 
of the right eye or a +05 sphere in front of the left. 


That subjective binocular test is useful in cases of anisometropia if there 
is doubt about the prescribing of a full or partial anisometropic correction. 
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Gillie (1956) has described an an almost identical test. Turville (1946) de- 
vised a more elaborate method. The following cases illustrate its usefulness. 


A female aged 28 had spectacles which she wore only occasionally, especially 


for close work: +1 D sph., +0-5 D cyl., axis 180° in the right eye, and +2:25 D 
sph. +0°5 D cyl., axis 180° in the left. Assessment of her refraction showed a 


similar result: visual acuity in the right eye was 6/6 with +1:25 D sph., and in 
the left 6/18 +1 with +2°5 D sph. With this correction in trial frames the sub- 


jective binocular test was done by asking the patient to observe any difference in 
Clarity of, say, the 6/18 line when a —1-25 D. sph. lens was put quickly in front 


of the left eye; the answer was consistently that objects were clearer not only for 
distance but also for near work, so that the final prescription was + 1:25 D sph. 


for each eye. There was no reduction in the acuity of the left eye tested alone 
with the weaker correction. 


A man aged 55 years wore a correction for the right and left eyes of + 5-5 D 
sph. (6/6) and +45 D sph. (6/6) respectively. The subjective binocular test for 
distance showed that he preferred right +5 D sph.; for near, however, the small 
difference seemed to be eliminated and he expressed no preference for iso- or 


aniso- metropic correction. 


These empirical findings are difficult to interpret, especially as it is by no 
means invariable for anisohypermetropes who can accommodate to prefer 


spherical corrections differing by less thar the full amount of the aniso- 
metropia. The simplest explanation would be that anisohypermetropia, like 
hypermetropia itself, is to some extent latent at first, depending on its amount, 
but, as age advances, progressively becomes manifest. It is implicit in this 
hypothesis that the eyes exert unequal accommodation—no evidence is 
available on that subject, however. 

Any explaration must take into account the effect of optical corrections 
on the sizes of retinal images. Before anything final could be decided on 
that subject, it would be necessary to know to what extent (spherical) aniso- 
metropia is axial or refractive in origin. In their study of “Emmetropia 
and its Aberrations”, Sorsby, Benjamin, Davey, Sheridan, and Tanner (1957) 
have included some anisometropes, of whom most were anisomyopes; in 
by far the greater number the origin was axial, and the refracting system of the 
more myopic eye compensated, usually, by being less powerful. Clinical 
impression gives some support to an axial cause for anisomyopia; if ‘myopic 
degeneration” be taken as a criterion for an ametropia’s being mainly axial, 
then the greater degeneration often seen in the more myopic of two aniso- 
metropic eyes suggests that the difference between the two refractions derives 
from inequality in the axial lengths of the globes. 

It is probably an over-simplification of the problem to suggest that 
accommodating anisohypermetropes will tolerate only that amount of 
spherical spectacle difference which produces aniseikonia still compatible 
with binocular vision, but sacrificing some clarity in the image of the more 
defective eye on that account (or exerting some extra accommodation in the 
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more ametropic eye to achieve final clarity of the image without altering 
much further its size). That would be expected to apply only to eyes which 
are (mainly) refractively, not axially, anisometropic because full spectacle 
correction of any purely axial anisometropia reduces the aniseikonia (but 
see below). Now, if anisohypermetropia were partly axial and partly 
refractive in origin and two eyes could dissociate their accommodation and 
choose spectacle lenses which would equalize the two optical images, they 
would adopt the following system: (a) allow full correction of the manifest 
hypermetropia of the better eye, combined with (4) a positive lens before the 
worse eye more powerful than its fellow by an amount greater than ihe axial 
element of the anisohypermetropia, along with (c) extra accommodation in 
the worse eye by less than the amount of the refractive element in the 
inequality. 


If, on the other hand, anisohypermetropia were axial, but partiy com- 
pensated by an increased power of the refracting surfaces in the worse eye, 
the full anisometropic correction might well be tolerated because it would 
produce the nearest possible (with spectacles) approximation to iscikonia. 
Variations in the ability of anisohypermetropes to accept full, partial or no 
correction of their (spherical) inequality may be explained by these con- 
siderations. 


Difficulties arise in the interpretation of some observed facts, however. 
If an axial cause for the anisometropia be accepted in cases of anisomyopia 
with different degrees of degeneration in the fundi, then poor binocular 
vision would be expected when contact lenses are used because aniseikonia 
of the optical images on the retinae would be maximal (the aniseikonia 
would be even greater with lenses in the anterior chambers); on the other 
hand, aniseikonia would be minimised by the wearing of spectacles so that 
better binocular vision would be expected with them. Surprisingly, many 
observers have recorded that contact lenses will improve the aniseikonia of 
anisometropia (for example Alajmo, 1953; Littwin, 1957; Comberg, 1950). 


Their statements are supported by the following typical example: 
A female aged 31 had a visual acuity of 6/6 in the right eye with -2 D sph., and 


6/9 (some letters) in the left with —9-5 D sph., —1 D cyl., axis 30°; with these 


spectacles, left suppression was elicited on the synoptophore, but with contact 
lenses stereoscopic vision was achieved. It is unlikely that the improved acuity 


of the left eye with contact lenses (to 6/9 plus some letters of 6/6) accounted for 
the great improvement in binocular vision. 


Having seen the fundi, one is reluctant to attribute the patient’s aniso- 
myopia to a purely, or even predominantly, refractive cause which the above 
Observations on binocular vision suggest: one would prefer the tentative con- 
clusion that the macular cones in the worse eye had “spread out” as the 
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eyeball enlarged, after good binocular vision had been established in child- 
hood, and that they had retained their correspondence, cone for cone, with 
those in the fellow eye. Thus, with contact lenses the brain would receive 
equal ‘“‘images” although the optical images at the level of the retinae 
would be unequal. No comparable cases of anisohypermetropia have been 
found. 

To sum up the problem of optical treatment of anisometropia: children, 
‘myopes, and patients who no longer have power of accommodation will 
tolerate full correction of the anisometropia well, but bilateral hypermetropes 
who are able still to accommodate (and who have not worn fully corrective 
glasses previously) usually prefer equal spheres, or spheres less unequal than 
the amount of the spherical anisometropia; it is suggested that the more 
hypermetropic eye has learned to exert, constantly, a greater accommodative 
“tone”’. 

As a postscript to this discussion, a comment is relevant on the standards 
of corrected acuity which can be achieved in hypermetropia vis-a-vis those 
in myopia. A widely held clinical impression is that moderately hyper- 
metropic eyes may achieve only 6/9 (or 6/6) acuity with correction (the term 
“amblyopia” being sometimes applied) whereas corrected moderately 
myopic eyes usually achieve 6/5 or even 6/4. It is suggested that the dif- 
ference arises because an axially hypermetropic eye corrected with a lens at 
the spectacle point will receive a retinal image smaller than an emmetropic 
one, though larger than in its previously uncorrected state, whereas an axially 
myopic eye, if corrected at the spectacle point, will receive a retinal image 
larger than an emmetropic one, though smaller than in its previously un- 
corrected state. It could be argued that the macular cones are less concen- 
trated in axial myopes than in hypermetropes (no observations seem to have 
been made on that subject), so that the effect of different image sizes would 
be neutralized; on the other hand, imperfections in the image from aberra- 
tions produced by the refractive media of the eye would be less able to cause 
“blurring” in the image transmitted to the optic nerve if the cones are more 
widely spaced as they may be in myopia. 


SUMMARY 


Anisometropia per se does not cause squint. Comparison between forty 
non-squinting hypermetropic anisometropes and 53 squinting hypermetropic 
anisometropes showed that the better eyes of the first group were significantly 
less ametropic than those of the second group. There was no significant 
difference in the amount of anisometropia, the incidence of astigmatism, or 
the sex ratio of the two groups. Patients in the first group were, in general, 
much older than those in the second group and had not usually been refracted 
under full cycloplegia, so that only an estimate of their refractive state at the 
age of 7 years, the “base-line” to which all cases were calculated, was 
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possible. Squint and amblyopia were very rare in anisometropic myopes. 
The findings in the small group of antimetropes are discussed. 

The term “anisometropic amblyopia” is suggested to describe a common 
and important clinical entity which is independent of strabismus. Its treat- 
ment by occlusion at least until the age of 13 years is possible. 

The absence of squint in many cases of anisometropia even with dense 
amblyopia suggests the presence and importance of peripheral fusion. 
Because of their larger Panum’s areas the peripheral retinae will retain their 
ability to fuse in spite of aniseikonia or unequal clarity of images which, in 
the central area, would cause “suppression” or “disuse” amblyopia. 

Full correction of their anisometropia was well tolerated by children, 
bilateral myopes, and all patients who no longer retained ability to accom- 
modate; hypermetropes who still retained accommodative power preferred 
their spectacles to have equal spheres, or spheres differing less than the full 
amount of the spherical anisometropia, probably because their more 
ametropic eyes had learned to exert, constantly, an extra accommodative 
tone. Anisohypermetropia may be decreasingly latent as age advances. A 
simple “subjective binocular test’ can be used to decide the advisability of 
a full anisometropic correction. For example, each eye separately in a 
patient aged 39 years achieved 6/6 with right +1 D sph. and left +2 D sph., 
but the line looked clearer binocularly when a -—0-75 D sph. was added to 
the left eye. Hence the glasses prescribed were +1 D sph. in the right eye 
and +1-25 D sph. in the left. 

The problems of the correction of axial, refractive, and mixed aniso- 


metropia are mentioned in relation to aniseikonia and possible relative 
differences in inter-cone distances at the maculae. 


I wish to thank Miss Jill Foley and the staff of the Orthoptic Department, Moorfields 
Eye Hospital (High Holborn Branch), for their co-operation in the finding and assess- 
ment of cases; Sir Stewart Duke-Elder, Mr. T. Keith Lyle, Mr. Anthony G. Palin, and 
Mr. Frederick Ridley for their helpful criticism; Dr. G. V. Herdan for his assistance with 
the distribution-free statistical analysis; and Mr. M. Sheridan for estimating the axial 
lengths of the globes in one case. 
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MEASUREMENT OF ECCENTRIC FIXATION BY THE 
BJERRUM SCREEN* 


BY 
G. BROCKBANK AnD R. DOWNEY 
General Infirmary, Leeds 


Introduction by G. W. Black and J. Foster.—The forward movement of orthoptic 
technique between 1925 and 1935 depended on a re-appreciation of the 
importance of anomalous retinal correspondence, measured by the improved 
synoptophores then available. Before this, many patients had been wasting their 
time on unsupervised divergence exercises. 

In this decade Ciippers’s discovery of the high percentage of amblyopic eyes 
with eccentric fixation which are detectable by the Visuscope and undetectable by 
the synoptophore, is likely to have a similar effect on the occlusion treatment of 
amblyopia. 

The collaboration of Miss R. Downey (Orthoptist) and Mr. G. Brockbank 
(Ophthalmic Optician) at the Leeds General Infirmary has produced a subjective 
method which will (when applicable) detect an even smaller degree of eccentric 
fixation, and is, we think, of importance in view of the enormous effort that 
pleoptic treatment requires both from patient and therapist. 


Eccentric Fixation 


The pleoptic treatment of deep amblyopia, especially that of eccentric 
fixation, was introduced into Great Britain nearly 2 years ago. The methods 
of treatment were described first by Dr. A. Bangerter of St. Gallen, Switzer- 
land, and later by Dr. C. Ciippers of Giessen, Germany. - Strictly speaking, 
the word “pleoptics” referred to Bangerter’s method rather than that of 
Ciippers, which was entirely different in its physiological conception. These 
two methods arte at present the subject of experiment in London, Manchester, 
and Leeds, but very few statistics are yet available. 

At Leeds we have treated eccentric fixation experimentally by Ciippers’s 
method, the instruments principally used were the Visuscope, the Euthyscope, 
and the Co-ordinator. 

The Visuscope is an ophthalmoscope in which there is, amongst other 
discs, one containing a black star. This can be focused onto the fundus by 
allowing for the patient’s refractive error, and when the patient is fixing the 
star, the point where it appears on the retina indicates to the observer the 
principal direction of gaze of that eye. During an examination with the 
Visuscope it is necessary to occlude the non-fixing eye to avoid the influence 
of anomalous retinal correspondence. 





* Received for publication December 9, 1958. 
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The Euthyscope is used to create a negative after-image, which is an 
essential part of Ciippers’s treatment of eccentric fixation and inhibition. 
This instrument is a large ophthalmoscope with a special system of lenses 
permitting a high illumination of approximately 30° of the retina. Either of 
two central black spots may be selected to allow protection of 5° or 3° of the 
retina. An enormous ring-shaped after-image is thus formed by illuminating 
the posterior pole of the eye, the macula being protected by one of the black 
spots. A positive after-image, it will be appreciated, still maintains the 
amblyopic state; so a negative after-image is sought (a dark ring with clear 
centre) by projecting it on to an illuminated screen from 1 to 6 metres 
distant. The patient’s attention is drawn to the central disc of this negative 
after-image which is a real object in space characterizing the fovea. 

The Co-ordinator uses Haidinger’s brushes as a subjective control for 
macular fixation. Its basis is an entoptic phenomenon recognized when 
plane or moderately elliptically polarized light enters the normal eye, and 
depends entirely upon regional variations in the brightness of the blue 
component of the incident light. The two brush-like objects seen are the 
visual residue of the absorption of the polarized component of the sky light 
by the double-refracting yellow lutein pigment of the macula. Like other 
entoptic phenomena, the bluish pattern fades rapidly if a fixed region of the 
retina is stimulated and so in this instrument the polarizeris made to rotate 
continuously. ° 

In order to appreciate the significance of our precise measurement of 
eccentric fixation, which we describe later, a brief résumé of Ciippers’s method 
may be helpful. It is essential to analyse the prognosis of a case of eccentric 
fixation carefully before embarking on the treatment. The success of the 
treatment does not depend on the estimation of the visual acuity and the 
type of fixation only, as many other factors have to be taken into account. 
To ensure a perfect and enduring result the possibilities of attaining either 
binocular single vision or definite alternation should be envisaged. 


Diagnosis and Prognosis 

Depending on the age of the patient, the prognosis may be determined by 
the following procedures. 

Ciippers considers that the point of fixation is shown by the retinal point 
which bears the principal visual direction according to the results of the 
various investigations in each particular case. The eccentric fixation is not 
necessarily the point used for fixing the star of the Visuscope as this may be 
a point on the border of a scotoma. This is clearly demonstrated in patients 
who have previously had the fixing eye occluded and who fix eccentrically in 
this way because for them this point on the retina has a higher resolving power. 

Ciippers insists on this definition because otherwise, during treatment, 
when use is made of monocular diplopia, the attention will be drawn to the 
wrong image. The localization of the principal visual direction may differ 
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according as to whether the test is carried out with an after-image, Haidinger’s 
brushes, or the star of the Visuscope. Of the tests mentioned, the star of 
the Visuscope resembles most nearly the fixation of an object in free-space. 
Furthermore, Ciippers holds the opinion that the defects arising from eccen- 
tric fixation are similar to those found in anomalous retinal correspondence. 
It has been demonstrated that the eccentric fixation either coincides with or 
is less than the angle of anomaly, but is never greater. 

The diagnosis of eccentric fixation and anomalous retinal correspondence 
may be determined by the results of the following tests: 


(a) Analysis of Fixation, using 
(1) The Visuscope; 
(2) The after-image created by the Euthyscope; 
(3) Haidinger’s brushes in the Co-ordinator. 


(b) Extent of Inhibition, by 
(1) A comparison of the cortical and angular visual acuityf; 
(2) The intensity and extent of the scotoma; 
(3) The appreciation of the after-image. 


(c) Bi-retinal Correspondence, by 
(1) The spatial projection of the two after-images created at the maculae 
of the two eyes; 


(2) Measurement of the objective and subjective angles of strabismus 
using the Maddox scale with an after-image before the non-fixing eye 
and a special dark red filter before the fixing eye; 


(3) The Visuscope in a binocular examination; 


(4) The major amblyoscope—measuring 
(i) The objective and subjective angles by use of after-images, 
Haidinger’s brushes, and real objects; 
(ii) The density and extent of the suppression by use of the 
Bjerrum screen. 


Therapy 


Treatment, based on conclusions drawn from the preceding examinations, 
may be carried out as follows. It must be remembered that differentiation 
is difficult as all the symptoms are intimately connected. 





+ (1) The term ‘‘angular visual acuity” indicates the minimum separable measured by a single 
optotype. The Landolt ring, which is a test rather of the light than the form sense, is less 
efficient than an ‘“‘E” for this purpose. 

_(2) The term ‘“‘cortical visual acuity” has been used for want of a better. It indicates a com- 
bination of the difficulties of separation in any meridian of a single row of optotypes and the 
disturbance caused by visual agnosia. In other words, it consists in part of the ability to recog- 
nize a complicated form and in part of discriminating it from its background. It can be 
measured rudimentarily by associated optotypes, no other known test existing for its complete 
determination. 

(3) It has been noticed that in many cases of amblyopia ex anopsia, particularly in those of 
eccentric fixation, the angular visual acuity may be higher than the cortical visual acuity. 
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(1) Attainment of foveal fixation and its principal visual direction, by means of: 
(a) After-image created by the Euthyscope; 
(b) Haidinger’s brushes created in the Co-ordinator. 


(2) Motor co-ordination of the eye and the extremities (especially the hand) when 
foveal fixation is assured by: 
(a) After-image created by the Euthyscope using the hand; 
(b) Haidinger’s brushes using the hand. 


(3) Elimination of inhibition when foveal fixation is assured by: 
(a) After-image created by the Euthyscope; 
(b) Major amblyoscope. 
(4a) Elimination of difficulties of separation, which arise from rivalry of the 
spatial values monocularly and binocularly by: 
(a) After-image and Haidinger’s brushes combined with real objects 
projected in space and on the major amblyoscope; 
(b) Attainment of binocular single vision with fusion amplitude. 


(4b) Disturbances of the cerebral cortex (Gestalt Auffassung) by: 
(a) Bangerter’s pleoptic methods; 
(b) Attainment of binocular single vision with fusion amplitude. 


New Method 


During our experiments with Ciippers’s methods it soon became evident 
that it would be an advantage if we could find a method which would deter- 
mine the exact position in degrees of an eccentric fixation. Initially we 
depicted eccentric fixation in our notes by marking approximately the 
position of the Visuscope star on a conventional stamped drawing of the 
fundus. We decided that any method we adopted must allow us to measure 
the relationship between three points on the fundus: 

(a) The centre of the macula; 
(b) The eccentric fixation point; 


(c) The centre of the blind spot. 


It would also be convenient if we continued to use the stamped outline 
of the fundus, which was so essential for marking the result of the usual 
Visuscope examination. These diagrams could then be given precise 
measurements and angles when necessary. Our method was to use the 
Two-Metre Bjerrum Screen and to measure the distances and angles between 
the points in degrees with a rotary tangent rule (Sinclair’s Rule for the Two- 
Metre Screen). 

We seated the patient on an adjusted chair before the screen, with his 
chin fitted firmly yet comfortably in the chin-rest opposite the fixation spot 
in the centre of the screen at exactly 2 metres. First we occluded the 
eccentric fixing eye and carefully plotted the blind spot of the normal fixing 
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eye; using the rotary tangent rule we measured the angle between the fixing 
macula and the centre of this normal blind spot. Then, covering the normal 
fixing eye, the patient looked at the fixation target with his eccentrically 
fixing eye. We then again charted the blind spot and also plotted the 
scotoma due to the non-functioning macula, measuring with the scale and 
rule the distances and angles between the three points (centre of the blind 
spot, centre of the macula scotoma, and the fixation spot). We found it 
necessary to examine each child several times depending on his ability to 
co-operate. With younger children it was always easier if one of us sat near 
the child to give encouragement during the examination and to make sure. 
that the fixation on the fixation spot was steady, while the other worker 
moved the targets and inserted the pins in the Bjerrum screen. Provided 
the child grasped what was required and we were able to mark out the blind 
spot of the sound eye, a satisfactory plot was also obtainable with the other 
eye, even in children as young as 5 years old. 

In our calculations we assumed that the angle between the macula and 
the centre of the blind spot was similar in right and left eyes of the same 
patient. It is true that the relationship of the blind spot and the macula 
are affected by the Angle Alpha, but this itself is rarely asymmetrical. We 
have checked on the Bjerrum screen the angle between disc and macula in 
a number of patients who had normal fixation, including some with large 
degrees of anisometropia both hypermetropic and myopic, and the difference 
was usually less than 1°. Traquair (1949) states that ““The distance of the 
blind spot from the fixation point is increased in hypermetropia and dimin- 
ished in myopia in accordance with the difference in the length of the eye’’. 
It is of course agreed that, if the length of the eye only was increased or 
diminished in myopia and hypermetropia, our assumption and calculation 
would be proportionately incorrect as the anisometropia varied. Many 
cases do not show purely axial anomalies, and in patients who have normal 
eyes except for refractive error and in whom the size of the two eyes varies, 
the increase or decrease in length is accompanied by increase and decrease 
in diameter of the globe, so that the whole eye is larger or smaller. Differ- 
ences in the diameter of the globe vary the distance of the blind spot from 
the fixation point contrary to similar alterations in length. Therefore, in-by 
far the greater number of cases, we can assume that the angle between the 
macula and the centre of the blind spot is similar in the two eyes of the same 
patient. 

Case Reports 
Case 1, a boy aged 6. Visual acuity 6/9 in the right eye with +3 D sph., and 3/60 (angular 
and cortical) in the left eye with +5 D sph. 

(i) Synoptophore.—Left convergent strabismus fixing right eye objective angle + 10°, 


subjective +4°. 
(ii) Visuscope and Maddox Scale.—Angle of anomaly fixing right eye +2A L/R 4A. 
(iii) After-Image and Maddox Scale.—Fixing right eye +6° objectively OA L/R 4A 
subjectively. 
31 
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Both eyes were dilated with Cyclogyl 1-0 per cent. and the fixation of each eye when 
viewed with the Visuscope showed a normal fixation at the macula for the right eye 


(Fig. 14) and an eccentric fixation for the left eye, situated superior and nasal to the 
macula (Fig. 18). 


Right Eye 





1A ls 


Fic. 1.—Normal right eye and affected left eye, showing fixation points as seen with the 
Visuscope. 


On the following day, when the patient’s pupils had contracted, we plotted the blind 
spot of the right eye on the Bjerrum screen. As the child was only 6 years old we had 
to do this several times before we obtained full co-operation. Using the rotary tangent 
rule, we measured the angle between the fixing macula and the centre of the normal blind 
spot which was 16°5°. The axis at which this angle struck the screen was slightly below 
the horizontal. Applying the standard notation, this was on axis 170° produced 
below the horizontal. This we have called minus 170° (- 170°). (Fig. 2A). 

Covering the right eye we were able to chart the blind spot of the left eccentrically 
fixing eye, and we found and plotted the scotoma formed by the non-functioning macula. 
Using the same measurements as with the right eye, we measured the angle.on the tangent 
scale between the fixation spot and the centre of the blind spot, which was 10-5°, axis 180°. 
The angle between the centre of the macular scotoma and the centre of the blind spot 
was 16°5°. The axis at which this angle struck the screen was - 20°. This was measured 
by placing the centre of the rotary scale at the centre of the macular scotoma and noting 
the angle of depression between the rule and the centre of the blind spot. It will be 
noticed (Fig. 28) that the angle between the centre of the blind spot and the fixing macula 
of the right eye is the same as that between the centre of the blind spot and the centre of 


the macular scotoma of the left eye, 16:5°, axis - 20°. 
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Fic. 2.—Normal right eye (a) and affected left eye (B) showing eccentric fixation of left eye as 
shown on Bjerrum screen. 
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To transfer our findings to the stamped outline of the fundus it is necessary to imagine 
that our patient was able to focus the fixation spot with the left macula. Fig. 3 would 
then demonstrate the projected positions of our three points (the eccentric fixation, the 
macula, and the centre of the blind spot). 
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Fic. 3.—Eccentric fixation of left eye in space 
as shown on the Bjerrum screen. 


The angle between the macular scotoma and the eccentric fixation (Fig. 2B) was 8-5°, 
axis +30°; it follows that, when the macula was in a normal primary position in the 
centre of the fundus diagram, the eccentric fixation would still be 8-5° distant from the 
macula, but its position on the axis would be moved from +30° to -30° (Fig. 3). In 
Fig. 28 the angle between the macular scotoma and the blind spot was 16°5°, axis —20°. 
When this axis -20° is applied to Fig. 3 and compared with the same angle and axis of 
the right eye (Fig. 2a), the blind spot of the left eye is 10° lower than that of the right eye. 

We have measured many cases and in only a few have we noted a slight torsion of the 
eccentric eye when fixing. In this case we made a careful examination with the Euthy- 
scope and we were of the opinion that when the left eye was fixing, the disc was a little 
higher in relation to its macula than when the right eye was examined. 

In Fig. 1A and Fig. 1B the stamped diagrams of the fundi assumed the regular pattern 
of the macula and disc. Therefore it was necessary to readjust the axes in the few cases 
in which torsion of the eccentric fixing eye was demonstrated. In this particular case, 
the torsion was 10°. Any adjustment of the disc and macular angle axis would need a 
similar movement of the macular eccentric fixation axis so that our three point measure- 
ments remained in the same relationship. In most of the cases we examined, there 
was no torsion, and the diagrams of Fig. 28 moved to Fig. 3 merely by changing the 
signs of the axes at which these angles subtended from the eye. Therefore the final 
position of the angle between fixation and the macula of this left eye, in space, was 85°, 
axis —20°, and the blind spot macula was at 16°5°, axis — 10° (Fig. 4). 

We hive plotted the macular scotoma in space on the Bjerrum screen and we have 
demonstrated the position of the eccentric fixation in relation to this macula. We must 
now imagine the position of these points on the fundus. Any point below and nasal to 
the macula projects itself above and temporally. This complete reversal of points only 
applies when both the fundus and the screen are viewed from the same direction; in this 
case as viewed by the patient in space (Fig. 4), and as these points appear on the patient’s 


fundus (Fig. 5). 
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Fic. 4.—Left eye in space. Fic. 5.—Eccentric fixation point as it 


appears on the patient’s fundus. 
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When observed, as from the patient’s point of view, the position of the eccentric 
fixation on the fundus with the eye in its normal position, because of the reversal of 
points in space as on the fundus, was in the same relationship as the macular scotoma iti 
space with the eye fixing with its eccentric fixation. Therefore the macular scotoma as 
demonstrated on the Bjerrum screen also demonstrates the position of the eccentric 
fixation on the fundus, both viewed as by the patient. It is, however, the usual practice 
to show the fundus as the observer sees it and to show field defects as the patient sees 
them. As Fig. 5 shows the positions of the blind spot and the eccentric fixation from 
the patient’s viewpoint, then these positions must be laterally reversed to conform with 
the established practice of presenting fundus pictures as seen directly by the observer. 
be: diagram (Fig. 6) shows the three positions, assumed in the stamped outline of the 
undus. 


ECCENTRIC FIXATION ECCENTRIC FIXATION 
AS SEEN BY VISUSCOPE ON THE FUNDUS 
[Fic.1] PATIENT'S VIEW [FIG.5] 
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IN SPACE 
Fic. 6.—The three eccentric points shown in previous 
[FIGS 2,3, and 4] Figures, in their relation to each other. 


Therefore, if the macular scotoma is plotted on the Bjerrum screen, this position 
laterally reversed is the position of the eccentric fixation as viewed by the Visuscope. 
In our illustration the macular scotoma was 8-5°, axis +20°, and laterally reversed this 
makes the eccentric fixation on the fundus as seen by the Visuscope 8-5°, axis + 160°. 


On occasions the macular scotoma was quite large and it was more 
convenient to measure the difference in the angles between the fixation and 
the centre of the blind spot.in each eye. In practice this was found to be a 
quick and accurate method of measuring both large and small degrees of 
eccentric fixation. A small degree of eccentric fixation was effectively 
demonstrated in Case 2. 


Case 2, a man aged 29, had had his left (good) eye excised after a motor accident 6 months 
before starting treatment. 
Refraction.—Visual acuity in the right eye with -3 D sph., -2-5 D cyl., axis 15°, 


was 5/60. 
He showed an eccentric fixation with the Visuscope slightly nasal and inferior to the 


fovea. 


Treatment.—Ciippers’s method was used and the visual acuity of the right eye improved 
to 6/36 with foveal fixation of the Visuscope star. Monocular diplopia was appreciated 
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after 6 weeks’ treatment, the visual acuity of the image to the left eye being 6/36 and that 
to the right 4/60. 

It was decided to measure the separation of these two images and to try to establish 
on which image the patient must now concentrate. It was assumed that the remaining 
eye was anatomically normal and the angle between the 6/36 fixation and the centre of 
the blind spot on the Bjerrum screen was compared with the angle between the 4/60 
fixation and the centre of the blind spot. The angle with the 4/60 fixation coincided with 
the measurement of a normal adult eye. The difference between the two fixations as 
measured by the 2-metre Bjerrum screen was 3°, and we were thus able to confirm that 
the image seen to the right was the image of the principal foveal direction in space. 


A further example of the diagnosis of small degrees of eccentric spatial 
localization was found in the following case. 


Case 3, a girl aged 6 years, had angular visual acuity of 12, and cortical visual acuity of 
6/24 in the right eye with +1 D sph., and visual acuity 6/6 in the left eye with +0-5 D sph. 

Between the ages of 2 and 6 years she had received intermittent total and partial 
occlusion of the left eye. On diagnosis with the Visuscope the right fixation was found 
to be juxta-foveolar. Localization of Haidinger’s brushes and an after-image appeared 
tobecentral. Binocularly on the synoptophore she showed an unharmonious anomalous 
retinal correspondence with an angle-of anomaly of 5°, but in space at 2 metres it was 
harmonious. 

Treatment.—This was attempted by Ciippers’s method, monocularly and binocwiarly, 
and although the visual acuity in the right eye improved to 6/18 with foveolar fixation 
to the Visuscope star, the anomalous retinal correspondence remained intractable. 
Alternation was not achieved even after 3 months of total occlusion of the fixing eye. 
On examination of the central field a 1 to 2° eccentricity was discovered in the spatial 
localization of the right eye. 


In conclusion, it is suggested that, by the use of the Bjerrum screen, it is 
possible to determine the precise degree of the eccentricity in space, and that 
this enables small degrees of eccentric localization (undiscoverable by any 
other means) to be identified. 

At the beginning of this paper, we pointed out the difficulties attendant 
on various symptoms arising from eccentric fixation and their diagnosis. 
This added subjective examination may help in many cases to clarify the 
diagnosis and the possibilities of therapy. In measuring the macular 
scotoma by using known sizes of scotoma targets, large and small, it is 
possible to demonstrate the extent of the inhibition. Definition of the 
eccentric fixation in degrees keeps the notes compact and is convenient for 
transferring the details of the case to another clinic if required. 


Summary 


Until Ciippers invented the Visuscope, which projects a black star on to the 
area of retina used by the patient to fix it, eccentric fixation was identified 
by the synoptophore and believed to be rare in monocular amblyopia. 
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As occlusion of the better eye produces no improvement in an eye with 
eccentric fixation, the discovery that eccentric fixation was relatively frequent 
was of great practical importance. 

The authors present an alternative method of detecting eccentric fixation 
by scotometry, which they believe to be more accurate than visuscopy though 
less easy to apply. Lateral reversal of the scotoma chart of the affected eye 
reproduces the position of the eccentric fixation as determined by visuscopy 
on a fundus drawing. 

Assuming that the eyes are automatically symmetrical, as appears to be 
justified in most cases, comparison of the co-ordinates of the centre of the 
blind spot and the fixation point in the two eyes, suggests that monocular 
amblyopia is rare without some degree of eccentric fixation. 


We should like to thank Mr. G. W. Black and Mr. John Foster of Leeds for permission to 
describe their cases. 
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LESIONS OF THE CILIARY GANGLION AS A CAUSE OF 
ARGYLL ROBERTSON AND ADIE PUPILS* 


BY 


MALCOLM E. CAMERON 
Brisbane 


Many and varied are the lesions postulated for the Argyll Robertson pupil 
(Duke-Elder, 1949). Cord lesions, and lesions in the afferent pathway, mid- 
brain, and efferent pathway, including the ciliary ganglion and iris, have all 
been suggested at various times. The difficulty of detecting small changes 
in nerves and brain at autopsy has probably accounted for this. 

Adie’s pupil, on the other hand, has not excited so much comment, 
probably because no autopsy material has been forthcoming. The theories 
about the site of the lesion in cases of Adie pupil range from that of Lowen- 
stein and Friedman (1942), suggesting the diencephalon, to that of Adler 
and Scheie (1940), suggesting the ciliary ganglion. 

A case of Adie pupil following herpes zoster ophthalmicus is described 
below, and an attempt will be made to show that both the Adie and Argyll 
Robertson pupils have their origins in a ciliary ganglion lesion. 


Case Report 


A married woman aged 26 years, was first seen on May 6, 1956, with a very severe right 
herpes zoster ophthalmicus of 3 days’ duration. There was marked vesiculation over 
the path of the right supra- and infratrochlear and supra-orbital nerves. The lids were 
grossly swollen and overriding each other and there was marked chemosis of the con- 
junctiva, with staining by fluorescein of a small horizontal patch in the centre of the 
cornea. The pupil was three-quarters dilated, because of previous treatment with 
atropine drops, the dilation being greater on the temporal side. The right fundus was 
normal. There was no impairment then or subsequently of the ocular motility, but a 
loss of corneal sensation was noted. Treatment was begun with atropine drops, cortisone 
drops, and chloramphenicol ointment. 

On June 18, 1956 (6 weeks after the onset and while atropine was still being used), 
the right eye was white, with clear cornea and normal fundus. The right visual acuity 
(under atropine) was 6/5 with correction -1-5 D sph., +0-5 D cyl., axis 60°. The 
atropine was stopped. 

6 weeks after stopping the atropine and 3 months after the onset, the right pupil was 
still irregularly dilated and did not react to light directly or consensually, or to accommoda- 
tion. 

On March 12, 1957, 10 months after the onset of the herpes zoster, the patient reported 
that the right pupil, which had previously been immobile, was now changing its size. 
She had noticed this for the first time only a few days before when she looked into her 
mirror. ; 


Examination —The right pupil was irregularly dilated, with its long axis from 10 to 
5 o’clock. It measured about 6x5 mm. and did not react to light directly 
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or consensually (Fig. 1). 


Fic. 1.—No mecholyl; bright light; looking at infinity; showing 
irregular dilation of right pupil and normal contraction of left pupil 
to light. The scarred area of the right forehead is not very obvious, 
because, on account of the dark brown irides, the development time 
of the prints had to be lengthened. 


However, it reacted quite noticeably to convergence but not to any other movement 
of the eyes (Fig. 2). The normal left pupil was 3 mm. in diameter in average light and 
reacted normally to light directly and consensually and to accommodation. 


its. 


Fic. 2.—No mecholyl; dim light; looking at near; right pupil smaller 
than left pupil and slightly irregular. 


The uncorrected visual acuity was 6/24 and J1 (most) in the right eye and 6/12 and J1 
in the left. With correction -1 D sph., -0-5 D cyl., axis 180° to each eye, the visual 
acuity was 6/5 (most) and J2 in the right eye and 6/4 and J1 in the left. 

It was thought that there might have been a very slight paralysis of accommodation, 
as nothing else could be seen to account for the lowered right near vision, which could be 
restored to normal by adding +1 Dsph. A few months later, the corrected visual acuity ° 
for both near and distance was equal and normal; 6/4 and J1, right and left. The right 
and left central and peripheral fields to 2/1000 and 2/330 white objects were normal. 

There was much scarring over the affected area (Fig. 1) and there had been much 
constitutional upset during the past months, with severe headache, sleeplessness, and 
depression. The knee jerks were present and active and the blood Wassermann reaction 


was negative (000). 


Pharmacological Reactions.—The reactions of the pupils to various drugs (three appli- 
cations of one drop made at 3-minute intervals) were as follows: 


(1) 10 PER CENT. NEO-SYNEPHRINE.—The right pupil, 35 minutes after starting, had dilated 
uniformly and completely to 8 mm. The left pupil dilated only to 5 mm. and reacted to 
light directly and consensually and to accommodation. The right pupil did not react 
to light directly or consensually when maximally dilated, but did react to near, con- 
tracting to about 6 mm. 


(2) 5 PER CENT. COCAINE.—Both pupils dilated equally and uniformly to 8 mm. in 30 minutes. 
The right eye was more dilated than its fellow 12 hours later and resumed its usual size 
in another 24 hours. The left resumed its normal size in 2 hours. 


(3) 1 PER CENT. HOMATROPINE.—The right pupil only was tested. It dilated to 7 mm. in 30 
minutes, but in doing so, changed its long axis from 10 to 5 to 1 to 7 o’clock. The 
temporal edge remained perfectly circular, while the nasal edge was irregular. It re- 
turned to its usual size in about 60 hours. 
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(4) 2:5 PER CENT. MECHOLYL.—30 minutes after three instillations, the right pupil was smaller 
than the left (Fig. 3). 


Fic. 3. hee mecholy!; dim. light: looking at infinity; coals con- 
tracts right pupil but has no effect on normal left pupil. 


The irregularity of the right pupil was more pronounced, with a circular temporal edge 
and a flattened nasal edge. The right pupil reacted to near after the mecholy] but not to 
light directly or consensually. The right pupil at the end of the near reaction was much 
smaller than the left and its irregularity was accentuated, with its long axis from 10 to 
4 o’clock (Fig. 4). The left pupil was unaffected in size or in reactions by the mecholyl. 


Fic. - -——After rs dim light; looking at near; right pupil 
smaller than left pupil. 

(5) 1 PER CENT. PILOCARPINE.—30 minutes after the first instillation, the right pupil was smaller 
than the left (1-5 and 2 mm. respectively). It was flattened above and still reacted to 
near slightly but not to light. 6 to 8 hours later, the right pupil had regained its usual 
Size. 

(6) 0:25 PER CENT. ESERINE.—The right pupil only was tested. 30 minutes after the first 
instillation, the right pupil measured 1-5 x 1-0 mm. in diameter and was flattened above. 
It did not react to light at any time during its contraction. It was still miotic 24 hours 
later, but resumed its usual size 60 hours after testing. The near reaction was maintained 
during contraction by eserine, at least until the pupil measured 3x2 mm. The patient 
volunteered that during the eserine miosis the post-herpetic neuralgia was much im- 
proved, but that it recurred with its former intensity when the miosis passed. It is 
difficult, however, to see that this could be anything but coincidental. 

Darkness.—45 minutes in darkness did not appreciably dilate the affected sent It 
was not possible, unfortunately, to photograph it by electronic flash and so compare it 
with the normal size, but at least one can say that there was no marked difference. Nor 
was the light reflex restored by bringing the patient into bright daylight. 

Synkinesis.—There was no pupillary movement on moving the eyes in any direction, 
except on convergence. 

Slit-lamp Examination and the Light Reflex.—There was no obvious atrophy of the 
iris. Apart from the irregularity of the margin of the pupil nasally and its greater size 
in bright light compared with the left, it looked normal. There was, however, a loss of 
the pigment frill nasally from 2 to 5 o’clock. The pigment frill was complete in the 
normal left eye and its absence may be indicative of sphincter atrophy in this area. 

On flicking the lamp on and off, while the slit was aimed at different parts of the 
pupillary border, it was seen that there was a very slight pupillary contraction of the large 
arc from 2 to 5 o’clock, maximum movement being at 7 o’clock. This reaction could not 
be observed by the unaided eye, so that if magnification were not used, the light reflex 
would appear to be absent. 
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Near Reflex.—Since the pupil did not react to light, a pupillogram of the convergence 
reaction in artificial light was attempted, using 16-mm. ciné film and 32 frames/sec. 
The latency period for contraction and dilation could not be measured, but it was found 
that while contraction was brisk and occupied about 2:5 sec., the dilation was greatly 
prolonged and took about 11 sec. These relative differences could also be appreciated 
clinically. 

At the end of the contraction phase, the affected right pupil was smaller than the left 
and its irregularity was more noticeable. 


Discussion 
From the shape and size differences with various drugs, the following 


deductions may be made: 


(1) Most of the light fibres have been destroyed. The very small reaction at 
7 o’clock to the very bright direct slit-lamp light may be due to stimulation of a 
few surviving light fibres, which still retain some connexions in the ciliary ganglion. 


(2) Because its shape is oval with the long axis from 10 to 5 o’clock, and because 
the arc 10 to 7 to 5 o’clock is circular, compared with the irregularity of the arc 
10 to 2 to 5 o’clock, it can be inferred that there has been considerable destruction 
of the sphincter muscle nasally but very little, if any, temporally. 


(3) The greater size of the pupil is partly due to the nasal sphincter lesion and 
partly to undue irritability of the sympathetic, as shown by extreme dilation with 
cocaine and neo-synephrine. 

(4) The reaction to homatropine, in which the temporal sector dilated circularly 
while the nasal sector was hardly affected, also points to selective destruction of the 
sphincter, It will be remembered that the irregularity of the right pupil was 
noticed at the height of the infection (during atropine therapy), so that the sphincter 
destruction occurs very early. 

(5) The reaction of the pupil to convergence for the first time 10 months after 
the onset of the herpes, indicates that regeneration of the near-fibres has taken 
place in this time. It resembles the case of Francois, as described by Naquin 
(1954), in which the pupil first reacted to near 6 months after the onset of herpes 
zoster. There has not been any regeneration of the light fibres in either of these 
cases and this lends support to the belief that the light fibres, but not the near 
fibres, relay in the ciliary ganglion. It would appear that the near fibres, which 
pass through but do not relay in the ciliary ganglion, were destroyed initially in 
the attack but subsequently regenerated. The fibres to the ciliary muscle were not 
involved to any extent and neither were those fibres supplying any of the extra- 
ocular muscles, including the inferior oblique, the nerve of which lies very close to 
the ciliary ganglion. This may be because of the larger and more numerous 
nerve fibres supplying these muscles. According to Tatlow (1952) the incidence 
of palsies of one or more extra-ocular muscles in herpes zoster ophthalmicus is 
about 7 per cent. 


(6) The prompt, complete, and circular dilation to eNO and cocaine 
show that the sympathetic nerve fibres and the dilator muscle are intact, although 
the exaggerated reaction of the affected pupil to 10 per cent. neo-synephrine points 
to a sensitization to nor-adrenalin. 
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In considering such a case as the above, which showed severe involvement of the 
naso-ciliary nerve and short ciliary nerves, it would seem impossible that the 
dilator fibres would escape severe damage. However, they have largely escaped, 
and the reason may lie in the double innervation from the sympathetic system, viz. 
through the sympathetic root of the ciliary ganglion, from the carotid plexus on 
the one hand and on the other hand from the long ciliary branches of the naso- 
ciliary, derived also from the carotid sympathetic plexus in the cavernous sinus. 

(7) The sensitization of the pupil to mecholyl indicates post-ganglionic de- 
struction of the parasympathetic pathways. The reaction to pilocarpine was also 
greater in the right (affected) pupil than in the left and, with both mecholyl and 
pilocarpine, the characteristic deformity of the pupil (flattening of the long 10 to 
2 to 5 o’clock arc and preservation of the circular shape of the shorter 10 to 7 to 
5 o’clock arc) was seen. 


This post-herpetic pupil thus bears a striking resemblance to an Adie 
pupil (the Strasburger type) in the following respects: 

(1) It has an absent light reflex. 

(2) It has a prolonged near reaction, especially the second part. 

(3) It is larger than its fellow. 

(4) It exhibits sensitivity to mecholyl (and to neo-synephrine). 


Most observers have placed the disturbance in Adie’s syndrome in the 
central sympathetic system, but a peripheral origin has been suggested by 
Adler and Scheie (1940) as a result of their discovery of the sensitivity of the 
Adie pupil to mecholyl. The above case shows an Adie pupil produced by 


undoubted peripheral changes and offers strong evidence for a peripheral, 
as against a central, origin in this condition. 

Naquin (1954) has described a pupil occurring after herpes zoster ophthal- 
micus which was similar in all respects to the classical Argyll Robertson pupil. 
It was small, reacted briskly to convergence, and dilated rapidly. It did not 
react to light and dilated incompletely with atropine. Tests for syphilis 
were negative. ; 

No doubt if sufficient cases of post-herpetic pupillary abnormalities were 
studied, a complete gradation from the typical Argyll Robertson pupil to 
the many different types of Adie pupil could be found. Unfortunately, 
Tatlow (1952) did not study in detail the six atypical Argyll Robertson pupils 
which he reported as occurring after herpes zoster ophthalmicus. There is 
no need to postulate two separate efferent pathways for pupillary con- 
striction (Nathan and Aldren Turner, 1942). It is enough to postulate that 
the light fibres are more vulnerable than the near fibres, because they synapse 
in the ciliary ganglion whereas the near fibres do not synapse. The synkinetic 
movements of the pupil after section of the third nerve (Bender, 1945).can 
be explained by the fibres of the extra-ocular muscles achieving synapse with 
the cells of the final relay of efferent light fibres, through the branch the 
inferior oblique contributes to the ciliary ganglion. 
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An infection such as herpes zoster can thus affect differentially the light 
fibres, the near fibres, and the dilator fibres. If the light fibre synapses are 
destroyed together with the majority of dilator fibres, an Argyll Robertson 
pupil is produced. If the convergence fibres are only slightly damaged, 
with almost complete light fibre synapse damage in the ciliary ganglion, and 
minimal dilator fibre damage, the various types of Adie pupil are produced. 


Summary 

(1) A case of Adie pupil following herpes zoster ophthalmicus is described. 

(2) The pharmacological reactions are detailed and a sensitivity to mecholyl 
and neo-synephrine is shown. 

(3) It is thought that this case offers strong evidence that an Adie pupil can 
be produced by a lesion in the ciliary ganglion. 

(4) A similar origin for the Argyll Robertson pupil is considered likely, 
both the Adie and Argyll Robertson pupils being considered as variants 
of a destructive lesion in the ciliary ganglion. 

My grateful thanks are due to Dr. B. Klug who kindly referred the patient; to Dr. B. Wilson 
for the pupillary photographs; to the University of Queensland Photographic Department; to 


the Brisbane Clinic Research Foundation for financial help; and finally to the patient herself, 
who suffered calmly many inconveniences. 
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OCULAR ONCHOCERCIASIS IN NORTHERN GHANA* 


A TREATMENT SURVEY 


BY 
CHARLES M. McLEAN 


Darwin, Australia 


DurInG the years 1953-1955, the Medical Field Units of the Ministry of 
Health, Goid Coast (now Ghana), attempted to control ocular oncho- 
cerciasis in the Northern Territories by means of Antrypol (Suramin). A 
series of weekly injections of 1 g. was given to infested subjects for 5 weeks, 
with the object of eliminating the adult onchocercae. This scheme of treat- 
ment was initiated by Dr. B. B. Waddy, who was at that time Specialist 
Epidemiologist in charge of the Medical Field Units. However, in 1956, 
reports of alarming reactions to the treatment, in the form of generalized 
oedema or of exfoliative dermatitis, became so numerous that Dr. Waddy’s 
successor, Dr. D. Scott, decided that it would be unwise to continue mass 


therapy until it could be determined: 


(a) whether the treatment was effective, 
(6) if it was effective, whether continuation of treatment was justified in view 


of the possible toxic effects. of the drug. 


It was therefore decided to conduct a treatment survey in a known infested 
area, in an attempt to elucidate these problems, and, if possible, to find a 
safe and effective method of treatment which could be carried out by the 
unqualified field assistants of the Medical Field Units. 

A survey team of three, consisting of the writer, a qualified male nurse, and 
a laboratory assistant, was formed, and headquarters were set up in Bolga- 
tanga at the beginning of February, 1957. The equipment included a slit 
lamp capable of operating from a 12-volt car battery, and the main drugs 
provided were Antrypol (Suramin), Banocide (diethylcarbamazine), and 
Anthisan (mepyramine maleate). Two regions, the Navronga district and 
the Nangodi-Sekoti district, which were known centres of infestation and 
were each situated about 20 miles from Bolgatanga, were chosen as suitable 
areas, and the treatment survey was carried out there during the following 


15 weeks. 
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Diagnostic Signs 


The diagnosis of onchocerciasis was decided by the presence of one or more 
of the following: 
(a) Positive skin snip; 
(b) Palpable nodules; 
(c) Skin changes; 
(d) Microfilariae in the anterior chamber; 
(e) Ocular signs. 


Conjunctival snips were not performed, as previous experience had shown that 
patients tended to resent this procedure, and, when positive, microfilariae could 
be seen in the anterior chamber on slit-lamp examination. 

Of the total number diagnosed, 43-4 per cent. had positive skin snips, 65-6 per 
cent. had palpable nodules, 75 per cent. had skin changes, 38-6 per cent. had 
microfilariae in the anterior chamber, and 84:5 per cent. had ocular signs. 

It became obvious, at a very early stage in the survey, that skin-snipping was 
completely unreliable as the sole method of diagnosing onchocerciasis. Many 
patients with negative snips showed gross evidence of the disease. 

It is probable that all onchocerciasis patients have nodules, but these may not 
always be palpable. The distribution of those discovered by the survey team 
was interesting: 

Site Percentage 
Chest e ae s og 55 
Anterior iliac crest. . cs re . 21 
Knee is oe as tye oa 10 
Buttock... as ee BS i 8-6 
i 78 
6-2 
55 
ae % a 4-7 
Abdominal wall, Elbow a iy 3 
Groin, Shoulder, Forearm, Leg, Stecwans 2 
Axilla, Upper arm ee Mahia ydigs 1:5 
Foot os ’ e ee bE 1 


As all these patients also had ocular signs, this does not support the common 
belief that the nearer the nodules are to the eye, the greater is the liability to ocular 
complications. Many of the patients had several nodules, variously distributed; 
none had more than six. 

The skin changes, which Hughes (1949) has aptly termed “ presbyderma’’, con- 
sisted of wrinkling and fissuring, and the commonest sites for these were the thighs, 
buttocks, and lumbar region, although in the most severe cases the whole trunk 
and the arms were also affected. 

The presence of microfilariae in the anterior chamber was the least common 
diagnostic sign, although on occasion it was the only one. In one case, a living 
microfilaria was seen in the substantia propria of the cornea. None was detected 
in the vitreous. 





OCULAR ONCHOCERCIASIS IN NORTHERNGHANA 419 


Ocular lesions formed the most common diagnostic sign of onchocerciasis, and 
fell into the following categories: 


Lesions Percentage 
Corneal opacities .. ea ie A 69 
Optic atrophy a) xp a! si 48 
Choroido-retinal degeneration .. vi 41-5 
Posterior synechiae ae Ss $k 20 
Iris atrophy. . Pe ; x si 17 
Keratic precipitates sg eye pes 15 
Complicated cataract i a 14 
Cupped discs sy i Ss ee 2-4 


Phthisis bulbi sr oe a te 18 


The corneal opacities, in the milder cases, consisted of nummular infiltrates in 
the substantia propria; in more severe cases, these coalesced to form a dense 


opacity (sometimes pigmented) covering most or all of the cornea, and in those 
most severely affected superficial vascularization spread over this from the limbus. 


The optic atrophy was mainly of the consecutive type and associated with 
choroido-retinal degeneration, but in a few cases the atrophy was primary, and in 
these no choroido-retinal lesions were found, but positive skin snips, nodules, 
and/or corneal lesions were present. 

In the majority of cases with choroido-retinal degeneration, the changes corres- 
ponded with those described by Hissette (1937) and Ridley (1945). Of these cases 
25 per cent. showed marked perivascular sheathing. In one case, the changes closely 
resembled those of “retinitis punctata albescens”. 

Most of the patients with posterior synechiae showed keratic precipitates and a 
fine aqueous flare, but a few were old cases in which the iridocyclitis had evidently 
subsided. All showed other signs of onchocerciasis. Patches of iris atrophy were 
found in some cases of active iridocyclitis, but in others there was no other evi- 
dence of iris involvement, although corneal opacities or choroido-retinal de- 
generation were present. All cases showing keratic precipitates had active 
iridocyclitis, but this was never of the severe, exudative type. The patients with 
complicated cataract had other signs of present or past iridocyclitis. In the 
patients with cupping of the optic discs, the tension was either normal or only 
slightly raised, and other ocular signs of onchocerciasis were present. In those 
with phthisis bulbi, one eye only was affected, and the other eye showed signs of 
onchocerciasis. 

No cases of “‘acute ocular onchocerciasis”, as described by Rodger (1957), 
were seen, although several cases of phlyctenular kerato-conjunctivitis, limbal 
vernal conjunctivitis, and leprotic interstitial keratitis were observed. 

Nearly all the patients seen were grossly emaciated, but this is a common finding 
in the Northern Territories, and not confined to onchocerciasis areas. There is 
no doubt that the diet of the inhabitants of this region is deficient in protein and 
in vitamins A and B complex, but an adequate nutritional survey of the area has 
not yet been undertaken. Until this is done, it will be impossible to say whether 
dietary deficiencies may play a part in producing the severe ocular manifestations 
of onchocerciasis, but the writer has noticed that in Ashanti, where there is a fairly 
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high incidence of the disease, the inhabitants are better nourished and the eye 
lesions are less severe. Many of the onchocerciasis patients in the Northern 
Territories also suffered from bilharzia, and several had endemic goitre. 


Scheme of Treatment 


The patients selected for treatment were divided into three groups: 
(a) Those receiving Antrypol pius Banocide (Course A); 
(b) Those receiving Antrypol only (Course B); 
(c) Those receiving Banocide only (Course C). 


As will be seen later, this programme had to be modified, owing to the number of 
patients who developed reactions to Antrypol. . 

Experience in Accra had shown that combined treatment with Antrypol and 
Banocide over a period of 8 weeks offered a reasonable chance of eradicating the 
infestation. It was realized, however, that the number of cases seen there was 
comparatively small, consisting mainly of migrants from infested areas in the 
Northern Territories and lower Volta regions, who were now employed in the 
vicinity of Accra and whose nutritional standard was, in consequence, fairly high. 
In addition, they were no longer subject to the hazard of re-infestation, as the 
environs of the capital are free from Simulium damnosum. The routine treatment 
of these cases consisted of the intravenous injection of 1 g. Antrypol at weekly 
intervals for 8 weeks; during the first 2 weeks, one tablet (0-05 g.) of Banocide was 
taken orally three times daily, two tablets three times daily for the next 2 weeks, 
and three tablets three times daily for the final 4 weeks, making a total course of 
8 g. Antrypol and 378 tablets Banocide. With this dosage, forty patients, fol- 
lowed-up for a period of one year, became free of symptoms and signs, apart from 
irreversible changes such as choroido-retinal degeneration and optic atrophy. 
Throughout the post-treatment period they showed negative skin snips and 
absence of microfilariae from the anterior chambers. Approximately 50 per cent. 
complained of skin irritation during the first week or two of treatment, but this 
was easily controlled by the administration of an antihistamine (Anthisan). Only 
two patients had severe abdominal discomfort, which ceased on the temporary 
withdrawal of Antrypol, and none showed albuminuria, oedema, or exfoliative 
dermatitis. 

In view of the reports from the Medical Field Units of the reactions to Antrypol 
injections in the Northern Territories, it was thought advisable to modify the 
dosage of this drug in the treatment survey, and it was decided that those patients 
selected to receive it (whether combined with Banocide or alone) would be given 
0-25 g. in the first week, 0-5 g. in the second and third weeks, 0-75 g. in the fourth 
and fifth weeks, and | g. in the remaining three weeks (making a total of 5-75 g.). 
Patients receiving Banocide were to receive a total of 378 tablets, as in Accra. 


Results of Treatment 


In all, 374 patients received treatment. Of these 192 received Course A 
(Antrypol plus Banocide), 68 received Course B (Antrypol only), and 114 
received Course C (Banocide only). 
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Patients showing albuminuria before beginning treatment were given 
Course C—the majority of these were found to be suffering from bilharzia. 
Only thirty (15-6 per cent.) of those receiving Course A completed the full 
course of treatment; the remainder had to stop Antrypol because of re- 
actions, and completed the course with Banocide only. No patient receiving 
Course B completed his full course of Antrypol, and treatment was switched 
to Banocide when reactions occurred. Patients on Course C were able to 
complete their full course of treatment. 

Of the 374 patients treated, 308 (82 per cent.) developed reactions. Those 
due to Antrypol were albuminuria, headache, nausea and vomiting, oedema 
of feet and legs, and giddiness, in the following order of frequency: 


Antrypol Reactions Percentage 
Albuminuria wk 35 ia es 82 
Headache .. zt op Fi , 20 
Nausea and vomiting ae ag a8 14 
Oedema of feet and - ts cok a 8 
Giddiness .. J ee Bc Ae 6 


Antrypol treatment was stopped itnmediately a patient produced albumin- 
uria, and further treatment was continued with Banocide. Those patients 
who developed oedema of the feet and legs showed albumin in their urine. 
The majority of patients receiving Antrypol developed albuminuria between 
the fifth and eighth weeks of treatment, i.e. after receiving between 2-75 and 
4-75 g. In general, the more emaciated the patient, the earlier the albumin- 
uria appeared. In view of the known toxic effect of Antrypol on the kidneys, 
it was considered unjustified to continue this form of therapy once this sign 
was detected, and some anxiety was felt lest other signs of renal insufficiency 
should appear, but only two patients required to be admitted to hospital, 
and these were free of symptoms and signs after 2 weeks of treatment con- 
sisting mainly of rest and withdrawal of the drug. No cases of exfoliative 
dermatitis were seen. 

Banocide reactions were skin irritation, muscle and joint pains, papular 
trash, abdominal discomfort, and headache, in the following order of 
frequency: , 

Banocide Reactions Percentage 
Skin irritation eS er sie a 74 
Muscle and joint pains .. a a 62 
Papular rash ; a He es 50 


Abdominal discomfort cs ih ‘fs 24 
Headache .. ne ne oy ra Ys 


These were all controlled by the administration of Anthisan, and treatment 
did not require to be interrupted. Skin irritation and papular rash appeared 
within the first 2 weeks; the other reactions tended to occur between the 


third and sixth weeks. 
32 
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108 patients (28-8 per cent.) showed some improvement in vision at the 
end of treatment. All had negative skin snips and anterior chambers clear 
of microfilariae when the course was completed. The visual improvement 
was mainly due to clearing of the corneal opacities; several patients whose 
corneae were unaffected but who had choroido-retinal changes also showed 
improved vision. No case with optic atrophy was improved. The results 
of this survey showed that both Antrypol and Banocide produced an im- 
provement in visual acuity where corneal opacities were the main cause of 
defective vision. Typical cases are illustrated in Appendix 1. 

As previously mentioned, no patient with definite optic atrophy showed 
any visual improvement, but there was an improvement in visual acuity in 
some who had choroido-retinal degeneration. With the facilities at 
our disposal it was impossible to arrive at a logical explanation for this, and 
all one can do is record the fact. Some of these cases are illustrated in 
Appendix 2. 

In addition a small number of cases appeared to show slight improvement 
in visual acuity, through increasing familiarity with Snellen’s illiterate chart 
and by using eccentric fixation. 

At the end of the period of treatment and observation, nodulectomy was 
performed on a few cases. It had been hoped that most of the patients 
would submit to this procedure, which would have given some indication 
as to the efficacy of treatment in eradicating the adult worms, but evidently 
previous experience of this, carried out by other teams, had left an un- 
favourable impression, and it was impossible to persuade many to undergo 
this minor operation. The results showed that, in those receiving Antrypol 
(either alone or combined with Banocide) the adult worms invariably 
showed signs of degeneration; whereas, in those receiving Banocide only, less 
than 30 per cent. showed degenerative changes. The numbers involved were 
too small for us to arrive at a definite conclusion, but, allowing for the fact 
that degeneration is liable to occur in long-standing nodules, the impression 
formed was that Antrypol had a lethal effect on the adult worm, while 
Banocide had none. 

At the end of treatment, and for a period of at least 4 weeks afterwards, 
skin snips were negative and the anterior chambers were free of micro- 
filariae in all patients. It was concluded that both Antrypol and Banocide 
had a lethal effect on the microfilariae. It was intended that the survey team 
should follow up these cases at intervals of 6 months, but circumstances 
arose which prevented this. 


Conclusions 


The following conclusions were drawn from this survey: 
(1) That Antrypol has too toxic an effect to be used in mass treatment, 
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particularly where this is being carried out in the field by assistants with little 
medical training, and where there are no adequate hospital facilities ; 

(2) That Banocide is a reasonably safe drug for use in mass therapy; 
reactions are not severe, and are quickly controlled by antihistamines; 

(3) That both Antrypol and Banocide produce an improvement in visual 
acuity in cases in which the ocular manifestations of onchocerciasis are 
mainly corneal; 

(4) That both Antrypol and Banocide have a microfilaricidal action. 


Summary 
(1) The objects of a treatment survey in Northern Ghana are outlined. 
(2) The diagnostic criteria used in the survey are stated. 
(3) The scheme of treatment is described, and the results reported. 
(4) The conclusions arrived at are enumerated. 


My thanks are due to Mr. L. S. Nartey, male nurse, and to Mr. G. M. Amoah, 
laboratory assistant, for their cheerful and willing co-operation. 
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APPENDIX 1 
THIRTY TYPICAL CASES SHOWING IMPROVEMENT IN VISUAL ACUITY 





























, Lesions - Visual Acuity 

inning o reatment H 

Case| Age | 5. Treatment At Beginning At End oe Loe 

No. | (yrs) of Treatment of Treatment Treatment 

: Antrypol|Banocide : . 
Right Left (g) (tabs) Right Left Right Left 

27} Il M | Central Lateral 2:75 378 6/18 6/6 6/6 6/6 Faint corneal 
nummular | nummular opacities 
opacities | opacities remain 

28 | 65 |M | Central 5 378 6/12 6/6 6/6 6/6 Corneae. clear 
nummular -- 
opacity 

30 | 30 | M|| Numerous nummular | 2 378 6/18 1/60 6/6 6/60 | Right: very faint 
opacities in both cor- opacities 
neae : Left: opacities 
Those in centre of less dense 
left cornea confluent 

36 | 30 | M | Numerous 3-75 378 6/24 6/6 6/6 6/6 Right: faint 
nummular os opacities 
opacities 








38 | 24 F | Nummular opacities 4-75 378 6/12 6/9 6/6 6/6 Corneae clear 


46 | 48 | M | Confluent opacities 4:75 378 |Hand 3/60 1/60 6/60 | Opacities less 
with superficial move- dense 
vascularization ments Vascularization 












































(contin.) 
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(contin.) 
. Visual Acuity 
Eye Lesions at 
Beginnin ing of Treatment . 
Case| Age | 5. Treatment \ At Beginning At End ae ph 
No. | (yrs) | °©* of Treatment of Treatment Peeutinnat 
Right | Left |Antrypol/Banoe| Right) Left | Right| Left 
51 | 52 | M | Nummular opacities 2-75 378 {Counting|Counting| 5/60 6/18 | Faint corneal 
Immature cataract fin opacities 
at2ft jat2 ft remain 
Cataracts 
unchanged 
83 | 46 Numamular opacities 3-75 378 6/12 6/24 6/6 6/6 Faint opacities 
remain 
86 | 49 Numerous nummular | 3-75 378 |Hand | Hand 1/60 2/60 | Corneal 
opacities, some move- | move- — less 
confluent ments | ments taracts 
Immature cataracts unchanged 
90} 40 Nummular opacities 1-25 378 6/36 6/36 6/9 6/9 Faint opacities 
remain 
110 | 32 Nummular and 4-75 378 6/60 6/12 6/24 6/6 Right: opacities 
confluent opacities less dense 
Left: cornea 
clear 
111 | 27 | M | Nummular opacities 4-75 378 6/18 6/18 6/6 6/9 Corneae clear 
113 | 28 | M | Dense central 3-75 378 | Percep-| 2/60 4/60 4/60 Opacities less 
opacities tion of dense 
Complicated cataracts light 
118 | 37 | M | Nummular opacities 2-75 378 6/12 6/6 6/6 6/6 Corneae clear 
127 | 28 | M | Numerous nummular | 4°75 378 | Hand 6/60 6/12 6/9 Faint opacities 
opacities move- remain 
ments 
151 | 30 | M | Dense Optic disc | 2°75 378 | Hand 6/12 2/60 6/12 | Right corneal 
central pale move- opacity less 
opacity ments dense 
180 | 40 | M | Dense opacities 2°75 — Hand | Hand 3/60 1/60 | Opacities less 
move- | move- dense 
ments | ments 
187 | 22 | M|Nummular} Nummular| 2-75 oo 6/12 | Percep- | 6/6 Hand | Faint 
opacities | opacities tion of move- | opacities 
Optic light ments | remain 
atrophy 
Choroido- 
retinal 
degenera- 
tion 
202 | 37 | F | Nummtular opacities 3-75 a 6/12 6/9 6/6 6/6 Corneae clear 
211 20 Numerous nummular | 2°75 _ 1/60 1/60 6/60 6/24 | Opacities less 
opacities dense 
235 | 36 Nummular opacities — 378 6/18 6/24 6/6 6/12 | Right cornea 
clear 
Left opacities 
fainter 
248 38 M | Nummular| Dense _— 378 6/18 |Percep- | 6/6 Percep- | Right cornea 
opacities | central tion of tion of | clear 
leucoma light light Left cornea 
unchanged 
273 | 57 | M|Nummular| Nummulary — 378 |Percep- | 1/60 |Percep- | 5/60 | Faint opacities 
opacities | opacities tion of tion of temain 
Mature Immature light light Cataracts 
cataract | cataract unchanged 
278 | 40 | M | Nummular opacities — 378 | Hand 1/60 5/60 5/60 | Faint opacities 
Immature cataracts move- remain 
ments Cataracts 
unchanged 
301 35 | M | Central Nummular, — 378 |Percep- | 4/60 2/60 6/24 | Opacities less 
leucoma _ | opacities re of dense 
ioht 








(contin.) 
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(contin.) 
Eye Lesions at Visual Acuity 
inning of Treatment . 
Case} Age Sex reatment At Beginning At End Eye ey at 
No. | (yrs) of Treatment of Treatment Treatment 
: Antrypol|Banocide| p; . 
Right Left (g.) (tabs) Right Left Right Left 
314 | 30 | M | Dense opacities —_ 378 | Percep- | Hand 5/60 6/60 | Opacities less 
tion of | move- dense 
light ments 
328 | 16 F | Numerous nummular _ 378 | Percep- | Percep- | 5/60 3/60 | Opacities less 
opacities tion of | tion of dense 
light light 
337 | 42 | M | Nummular opacities —_ 378 6/18 6/60 6/6 6/6 Corneae clear 
342 | 25 | M | Nummular opacities _ 378 |Hand | Percep- | 4/60 | Hand _ | Corneae clear 
Complicated move- | tion of move- 
cataracts ments _ | light ments 
369 | 20 | M | Nummular _ — 378 6/12 6/6 6/6 6/6 Corneae clear 
opacities 
APPENDIX 2 
TEN TYPICAL CASES WITH CHOROIDO-RETINAL DEGENERATION SHOWING IMPROVEMENT IN 
VISUAL ACUITY 
Visual Acuity 
Treatment 2 
Case} Age | c., Eye Lesions at At Beginning At End ry Lesions 
No. | (yrs) Beginning of of Treatment of Treatment Treatment 
Treatment ~ PE . 
ntrypo! Ocii . H 
(g.) (tabs) Right Left Right Left 
3 42 | M | Choroido-retinal 3-75 378 1/60 3/60 6/9 6/9 Fundi 
degeneration in both unchanged 
maculae 
114 | 38 | M | Widespread choroido-| 5-75 378 3/60 2/60 6/60 6/60 | Fundi 
retinal degeneration in unchanged 
both fundi “ 
167 | 32 F | Widespread choroido-| 2-75 378 | Percep- | 3/60 | Hand 6/36 | Fundi 
retinal degeneration in tion of move- unchanged 
both fundi light ments 
174 | 35 | M | Widespread choroido-| 2-75 378 |Hand |Cc i 1/60 3/60 | Fundi 
retinal degeneration in move- _|fingers at unchanged 
both fundi ments 2 ft 
221 | 27 F | Choroido-retinal — 378 6/6 6/18 6/6 6/9 Left fundus 
degeneration in left unchanged 
macula 
249 | 36 | M | “Retinitis punctata — 378 6/6 6/24 6/6 6/6 White spots less 
albescens’’ in both numerous 
fundi 
252 | 50 | M | Choroido-retinal - 378 6/60 6/60 6/12 6/24 | Fundi 
degeneration in both unchanged 
maculae 
284 | 55 | M | Right: Widespread a 378 2/60 |Noper-| 6/36 | No per-/| Right fundus 
presen ta ception ception | unchanged 
degene: of light of light 
Left: Phthisis bulbi 
317 | 30 | M | Widespread choroido-| — 378 6/36 | No Per-| 6/12 | No per-| Fundi 
retinal — in ception ception | unchanged 
both fun of light of Fight 
a Oe of left 
370 | 45 | M | Widespread choroido-| — 378 Percep- | Hand 1/60 2/60 | Fundi 
retinal degeneration in tion of | move- unchanged 
both fundi light ments 
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IODOACETATE POISONING OF THE RAT RETINA* 
II. GLYCOLYSIS IN THE POISONED RETINA 


BY 


CLIVE GRAYMOREf anp KATHARINE TANSLEY}{ 


Institute of Ophthalmology, University of London 


REPEATED intravenous injections of sodium iodoacetate produce a character- 
istic visual cell degeneration in the monkey, cat, and rabbit (Schubert and 
Bornschein, 1951; Noell, 1952), the resulting histological picture being very 
similar to that presented in human retinitis pigmentosa (Noell, 1953). 
Recently, it has been shown that a similar condition can be produced in the 
rat by careful injection of two doses of 30 mg. iodoacetate per kg. body 
weight, an interval of 4 to 5 hrs being allowed between the two injections 
(Graymore and Tansley, 1958a). Simultaneous administration of sodium 
malate was shown to decrease the mortality rate of animals treated in this 
manner, and yet increase the severity of the visual cell damage. In this way 
it is possible to obtain experimental animals in which the visual cell popula- 
tion is almost completely destroyed. 

As early as 1924, Warburg and his associates suggested that all the ele- 
ments of the retina may not make an equal contribution to the general 
biochemical picture (Warburg, Posener, and Negelein, 1924) and since then 
there have been indications that the nerve and receptor components may 
possess essentially different patterns of metabolism (Noell, 1952; Sjostrand, 
1953; Strominger and Lowry, 1955; Lowry, Roberts, and Lewis, 1956). 
Noell (1952), on the basis of the differing effects of anoxia and iodoacetate 
on the electroretinogram of rabbits, believed that iodoacetate acted on some 
mechanism which was not dependent on oxygen, and suggested that the 
specific action of this substance on the visual cells might be due to the fact 
that these cells possessed a predominantly glycolytic form of metabolism. 

It was felt that a study of glycolysis in retinae from rats treated in the 
manner described above might help to elucidate both the mechanism of 
action of iodoacetate on the retina as well as certain aspects of the differential 
metabolism of this tissue. A preliminary report of part of this work has 


been published elsewhere (Graymore and Tansley, 1958b). 








* Received for publication October 13, 1958. + Department of Pathology. t Wernher Research Fellow. 
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Materials and Methods 


Animals.—The animals used in this investigation were albino rats of either sex, 
aged 3 to 4 mths and weighing 160-190 g. They were maintained on a standard 
diet used in this laboratory (Bruce and Parkes, Diet 41, 1946; Parkes, 1946). 
Both food and water were given ad lib. 


Solutions for Injection.—lodoacetic acid was obtained from British Drug 
Houses Ltd., and was recrystallized from petroleum ether before each series of 
injections. L-malic acid was obtained from Light and Co. Ltd. Both these 
substances were adjusted to pH 7-3 with sodium hydroxide immediately before 
use, and the required dose diluted to 2:0 ml. with saline. Where iodoacetate and 
malate were administered together, the two concentrated neutralized solutions were 
mixed in the appropriate proportions and diluted with saline as before. Control 
animals received an equivalent volume of saline. 


Method of Injection.—All solutions were maintained at body temperature and 
administered intravenously via one of the tail veins. Care was taken to avoid very 
rapid injection, the 2 ml. fluid being administered over 2 minutes. As described 
in the first paper of this series (Graymore and Tansley, 1958a), 60 mg. iodoacetate 
per kg. was found to be more effective when administered as a divided dose. In 
all the experiments recorded below, the higher dosage was administered as two 
doses of 30 mg./kg. (with or without malate), the injections being separated by a 
time interval of 4 to 5 hrs; each dose was contained in 2 ml. fluid. The times 


_recorded in the Table represent the interval between the last dose and the killing 


of the animal. The lower dosage (40 mg./kg.) was given as a single dose. 


Histology.—Where histological examination was conducted, the animal was 


anaesthetized with Nembutal, the descending aorta was ligatured, and the upper 
part of the body was intravitally fixed with either Kolmer’s or Zenker’s fluid. 


The anterior part of each eye was cut away during dehydration and the posterior 
part embedded in paraffin wax. Serial sections were cut at 6 uw. Five staining 


methods were used: 
(1) Haematoxylin and eosin, 


(2) Iron haematoxylin aniline bluc-orange G. mixture, 


(3) Mallory’s phosphotungstic acid haematoxylin, 
(4) The azan method, 
(S) Feulgen’s technique. 


Determination of Anaerobic Glycolytic Rate-—The animals were killed by dis- 
location of the cervical vertebrae, the eyes were enucleated, and the retinae were 
excised by a special procedure described elsewhere (Graymore, 1958a). There 
was a delay of 2 min. between the death of the animal and the isolation of both 
the whole intact retinae. The rate of anaerobic glycolysis was determined by the 
classical Warburg technique, employing a Krebs-Ringer bicarbonate buffer, 
gassed with 5 per cent. CO,—95 per cent. N, and fortified with 200 mg. per cent. 
glucose. The volume of CO, liberated from the bicarbonate buffer was taken as 
an indication of lactic acid production. Preliminary experiments were conducted 
M which both CO, evolution ané jactic acid production were measured in the 
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same flasks and an excellent correlation was obtained. The flasks were gassed for 
10 min. and equilibrated for a further 10 min. at 37° C. before taking readings over 


60 min. Each flask contained one retina suspended in 4 mj. medium. At the 
end of the period of incubation, 1 ml. 10 per cent. trichloroacetic acid was added 
to each flask and the protein was spun down and estimated by the micro-Kjeldahl 
method. The final result was expressed as the volume of CO, in microlitres at 


N.T.P., liberated in one hr by 1 mg. protein, 
This is designated as 9G) 


Results 


The Table (opposite) shows the mean anaerobic glycolytic rates of retinae 
excised from animals at intervals ranging from 10 min. to 8 weeks after 


receiving two different doses of iodoacetate with and without malate. Histo- 
logical examination of the retinae from those animals treated with the lower 
dose showed no evidence of cellular degeneration, and the mortality rate was 
low. The animals receiving the higher dose, on the other hand, showed 
marked retinal degeneration, and the survival rate was approximately 50 per 
cent. The normal retina is shown in Fig. |. 


In those treated with 60 mg. iodo- 
acetate/kg. body weight plus malate, the 
Outer nuclear layer was almost com- 
pletely destroyed over the whole of the 
retina (Fig. 2, opposite), whereas in 
those receiving the same dose of iodo- 
acetate but no malate the outer nuclear 
layer was merely reduced over a large 
part of the retina (Fig. 3, opposite). 
The Table shows that all four treat- 
ments resulted in a marked inhibition 
of glycolysis at 10 min., ranging from 
an inhibition of 75 per cent. in the 
2 case of the higher dose plus malate to 
Fic. 1.—Normal rat retina. Kolmer’s; one of 66 per cent. for the lower dose 
iron haematoxylin and phloxine, 300. without malate, but that in the case 


1) Pigment epithelium : 
(2) Rods of the smaller non-destructive dose, 


FB at tg ad glycolysis had recovered fully by 3 
(5) Inner nuclear layer weeks. This was not so in the case of 
or Sanger saluice those animals receiving the just sub- 
(8) Optic nerve fibre layer lethal higher dose. In these animals 


retinal glycolysis increased slightly 
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. 2.—Rat retina 7 days after receiving 
60 mg./kg. iodoacetate as a divided dose. 


The rods and outer nuclear layer have 
been damaged, but the latter is not 


completely destroyed. Kolmer’s; Mall- 
ory’s phosphotungstic acid haemat- 


Fic. 3.—Rat petiails 7 days after receiving 
60 mg./kg. iodoacetate as a divided dose 


plus malate. The rods sue 8 the outer 
nuclear layer have virtually disappeared. 


Kolmer’s; Mallory’s Phosphotungstic 


oxylin. x 290. 


(3) Outer nuclear layer 
(4) Outer fibre layer 


(5) Inner nuclear layer 
(6) Inner fibre layer 

(7) Ganglion cell layer 
(8) Optic nerve fibre layer 


acid haematoxylin. 
(5) Inner nuclear layer 
(6) Inner fibre layer 
(7) Ganglion cell layer 
(8) Optic nerve fibre layer 


x 290. 


between 24 hrs and oné’ week but thereafter, up to the 8 weeks of the investi- 
gation remained at about half the normal value. Control animals receiving 


neither malate nor iodoacetate had a ager.) of 55-3 + 2-40. 


TABLE 


IN VIVO EFFECT OF SODIUM IODOACETATE, WITH OR WITHOUT SODIUM 
MALATE, ON THE ANAEROBIC GLYCOLYTIC RATE OF THE RAT RETINA 


aN%or.) 








Time after Intravenous 


Injection 


10 min. 


l hr 


24 hrs 


| 1 wk 


3 wks 


7-8 wks 





Plus malate 


60 mg. iodoacetate/kg. 


13-75 +0-41 
(13) 


21-324 2-87 
(9) 


18-27 + 1-76 
(8) 


30-154 0-83 
(4) 


27-83 + 3-92 
(6) 


26-20 + 1-60 
@) 





No mala 


60 mg. iodoacetate/kg. 
late 





13-30+ 1-67 
q@) 


12-70 + 0-96 
(8) 


17-50 + 2-23 
(4) 


37-00 + 1-54 
G) 





40 mg. iodoacetate/kg. 
Plus malate 


| 16-75 +2-47 
(14) 





27:10 + 1:95 
(10) 


29:10 + 4:42 
(4) 


41:55 + 2:37 
© 





63°25 + 1:29 
4) 


54302411 
(5) 





40 mg. iodoacetate/kg. 


No malate 





| 18:64 + 1-47 
(9) 


40-06 + 2:05 
(5) 





40-60 + 3-78 
(5) 


39-08 + 1:84 
(6) 








52:00 + 0:50 
(2) 





Control Values 55-30 + 2: 43 (6) 





in parenthesis 
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Discussion 

The Table indicates that there is little difference between the general 
inhibitory patterns obtained in the presence and absence of sodium malate, 
although there. may be some difference as regards the actual degree of 
inhibition produced by a given dose of sodium iodoacetate. In order to 
avoid undue repetition, most of the discussion will refer to the results ob- 
tained when both malate and iodoacetate were administered together. 
Preliminary experiments showed that sodium malate alone had no effect on 
retinal glycolysis. 


(1) SINGLE DosE 40MG. IODOACETATE PER KG. BODY WEIGHT PLUS MALATE 


The sharp inhibition as early as 10 min. after treatment supports the in 
vitro evidence that iodoacetate is a powerful inhibitor of glycolysis. It is 
thought to be particularly inhibitory as regards the glycolytic enzyme 
phosphoglyceraldehyde dehydrogenase (Rapkine, 1938; Cori, Slein, and 
Cori, 1948). Histological examination confirmed the original finding that 
this dose does not produce any visible retinal damage (Graymore and 
Tansley, 1958a), and the Table reveals that the glycolytic rate of these 
retinae had returned to normal by the end of the third week. Noell (1951) 
observed that doses of iodoacetate insufficient to cause permanent visual 
cell damage could produce an immediate but transient abolition of the 
electroretinogram, and this phenomenon may well be explained on the 
basis of the partially reversible early inhibition observed in the present 
series of results. The point of interest in these values lies in the observation 
that there is an immediate, marked fall in the glycolytic value, although 
there is no evidence of cell damage, thus implying that the immediate 
inhibitory response observed when employing the higher dosage (below) is 
not secondary to cell death resulting from some other iodoacetate induced 
cause. It was for this reason that the effect of a non-destructive dose was 
investigated. 


(2) DivipeD Dose 60MG. IODOACETATE PER KG. BODY WEIGHT PLUS MALATE 


The Table shows that there is an even more severe 10-min. inhibition when 
this higher dosage is used, although the difference is slight. This is under- 
standable in that the dose of 60 mg. is administered as two distinct injections, 
separated by a time interval of 4 to 5 hrs, each one of which represents a 
dose of 30 mg./kg. body weight. The time is taken from the second injec- 
tion. A comparison of the figures at 1 hr. shows that the marked recovery 
observed following the lower dose is not apparent after the higher dose has 
been administered. Between 24 hrs and one week, however, the glycolytic 
figure is almost doubled. A consideration of the histological changes 
observed during this time offers an explanation of these fluctuations. The 
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first signs of pyknotic changes in the visual cells are visible 24 hrs after 
treatment. After 24 hrs the dead cells are degenerating and by the end of 
the first week the visual cell debris has been removed. The results presented 
here are expressed on a total protein basis, so the apparent increase in activity 
during this latter period could be accounted for in terms of a decreasing 
protein content rather than a true increase in cellular activity. This tissue 
loss can be seen from Figs | and 3, and was apparent as a reduced average 
weight of retina. 

The final value of 26-2 is approximately half that of the normal retina. 
This value represents the glycolytic rate of the surviving layers of the retina, 
ie. the inner nuclear layer and the ganglion cells, and it suggests that 
these tissues possess a significantly lower glycolytic rate than do the visual 
cells. If the activity of the visual cells were approximately three times that 
of the nerve layers, and if the destroyed visual cell population represented 
approximately half of the total retinal protein, then the glycolytic values at 
24 hrs (cells dead but total protein still present) and 7 days (dead tissue 
removed) could be predicted as being of the order of one quarter and one 
half of the controls respectively. This is, in fact, what has been found, but 
the above speculation assumes an even distribution of protein, and should 
be regarded with caution. 

There is, however, another possibility that cannot be excluded. It may 
be that the metabolism of the surviving nerve layers is inhibited, although 
not to a sufficient extent to result in histologically obvious damage. In this 
case the value for the surviving retinae would not be truly indicative of the 
activity of the normal nerve layer. Since the value remains constant between 
1 and 8 weeks, it can be assumed that if there is any inhibition in the inner 
retina it must be of a permanent nature. Certainly there is no visible 
manifestation of permanent damage in this part of the retina. The fact that 
tetinae from rats treated with the lower level of iodoacetate have returned 
to normal after 3 weeks, casts doubt on the possibility that there is some 
residual, yet temporary inhibition at this stage. 

Further evidence that the value of 26:2 represents the true value for the 
nerve layers is gained from a comparison of values in animals having an 
inherited retinal degeneration, in which the visual cell components are 
absent. Again, the glycolytic level of retinae from these animals is about 
half that of the normal retina (Graymore, Tansley, and Kerly, 1958). The 
dramatic doubling of the glycolytic activity of the retina of the normal rat 
towards the end of the second week of life, at a time when the rod cells are 
undergoing their final differentiation, may be related to the higher glycolytic 
activity of these elements (Graymore, 1958b, 1958c). The Table shows that, 
in retinae from animals which were treated with iodoacetate but no malate, 
the level of glycolysis is higher after 3 weeks than in retinae from animals 
treated with both these substances. This would seem to reflect the lesser 
degree of damage noted previously. 
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The results here presented suggest that the visual cell moiety of the retine 
possesses a higher glycolytic rate than the nerve and ganglion cell compo- 
nents. The very severe early inhibition of glycolysis may be interpreted as 
implying that this peculiar effect of iodoacetate is responsible in part for the 
resulting cellular damage when a just sub-lethal dose is administered, but 
until more information is obtained regarding the in vivo effect of iodoacetate 
no other aspects of retinal metabolism, such a view must be accepted with 
caution. The fact that a dose of 40 mg./kg. can produce a marked degree 
of inhibition over the first hour and yet fail to produce cellular damage, 
might well mean that there are other important factors which determine the 
ultimate fate of the visual cells. Such a view is very plausible when the non- 
specific action of a general SH poison such as iodoacetate is considered. 
It may be, however, that the higher dose, particularly when divided, exerts its 
effect by maintaining the inhibition for a sufficient period of time. 


In as much as the visual cells appear to have a higher rate of glycolysis 
and that iodoacetate has been shown to be particularly inhibitory towards 
this process, the present results do not conflict with the suggestion of Noell 
(1952) that the specific action of iodoacetate on the visual cells may be due 
to their peculiar dependence on glycolysis. On the other hand, Lowry, 
Roberts, and Lewis (1956), using the rabbit and the monkey as experimental 
animals, have shown that the inner segments of the rods and cones are 
exceedingly rich in malic dehydrogenase and very poor in lactic dehydrogen- 
ase. The former observation is in accord with the observation of Sjéstrand 
(1953) that the inner segments of the rod cells exhibit dense aggregates of 
mitochondria. It may be that the visual cells have both a high rate of 
glycolysis and a high rate of tri-carboxylic acid cycle activity. More in- 
formation is required before this complex problem is elucidated. 


The present results do little to clarify the apparent synergistic action of 
sodium malate. In the first paper of this series, it was suggested that sodium 
malate might be converted into pyruvate in the retina, rather than oxolo- 
acetate. It was suggested, further, that if this were so, it could result in a 
depletion of the available oxidized T.P.N. 


The apparent inability of iodoacetic acid completely to inhibit the utiliza- 
tion of glucose suggests that some iodoacetate-insensitive route, such as the 
Warburg-Dickens shunt, is operating. Depletion of T.P.N. would interfere 
with this alternative pathway, and thus decrease further the energy produc- 
tion of the iodoacetate-poisoned retina. 


It should be stressed, however, that in the present investigations it is 
difficult to avoid a considerable spread of results. This is due to the diffi- 
culties inherent in administering an accurate dosage by injection into the 
tail vein, as well as a variable animal response as observed previously 
(Graymore and Tansley, 1958a). 
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Summary 


(1) The effect of iodoacetate < on the anaerobic glycolytic rate of the rat 
retina has been studied. 


(2) A dose of iodoacetate plus malate, insufficient to produce permanent 
histological damage, inhibits glycolysis to the extent of 66 per cent. 10 min. 
after treatment, but the glycolytic rate has returned to normal within 3 weeks. 


(3) The highest tolerated dose of iodoacetate plus malate results in an 
inhibition of 75 per cent. 10 min. after treatment. Between | and 8 weeks, 
at a time when visual cell degeneration is complete, the glycolytic rate is 
approximately half that of the controls. This is taken to suggest that the 
glycolytic activity of the visual cells is higher than that of the remainder of 
the retina. 


(4) The implications of the above findings are discussed. 


We should like to thank Dr. Margaret Kerly for many useful discussions on this work, and 
Prof. Norman Ashton for his interest and help. We wish to acknowledge the invaluable technical 
assistance of Mrs. Zelma Campbell, Mrs. Denise Cairns, and Mr. Alan Lakeman, and the secre- 
tarial help of Miss E. FitzGerald. 

We are indebted to the Medical Research Council for a grant towards the expenses of this work. 
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A BULBAR SUCTION TEST FOR GLAUCOMA* 


BY 


E. M. EVANS anp M. KLEIN 
London 


THE study of the rate of outflow of the aqueous humour from the anterior 
chamber of the eye has been shown to be of significance in simple glaucoma. 
Blaxter (1953) studied the rate of outflow in the state of strain which occurs 
when the intra-ocular pressure is increased by applying external pressure to 
the globe with Bailliart’s dynamometer. It will be remembered that in 
Blaxter’s bulbar pressure test the intra-ocular pressure (A) is first recorded 
using a weightless Schidétz tonometer, and the pressure is then raised by 
compressing the globe with Bailliart’s dynamometer, exerting 50 g. pressure 
over the external rectus muscle. The increased tension is recorded (B) and 
the two instruments are kept in place for 4minutes, when a third reading (C) 
is recorded (Fig. 1). 


——— NORMAL EYE 
———=— DIMINISHED OUTFLOW 


N 
= 
2 
P 
7) 
w 
n 
x 
£ 
3 








ig--MINUTES 


Fic. 1.—Fall in ocular tension during compression. 


100 (B-C). 
B 

A fraction lower than 30 was considered to indicate diminished outflow. 
The use of Kukan’s ophthalmodynamometer (Kukan, 1936) makes it possible 
to maintain increased intra-ocular pressure more accurately and conveniently. 

The apparatus (Fig. 2, opposite) consists of a suction cup of 13 mm. dia- 
meter, attached by polythene tubing and a T junction to a vacuum manometer, 
and a well-greased 20-ml. syringe, the plunger of which is controlled by means 


The outflow fraction is represented by the equation 
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Fic. 2.—Bulbar suction test in progress. 


of a screw thread. With this instrument a negative pressure of 150 mm. 
Hg was found to produce a rise in ocular tension of the same order as that 
produced by Bailliart’s dynamometer pressure of 50 g., as used in Blaxter’s 
test. 

The conjunctiva is anaesthetized with 1 per cent. pantocaine, and the 
ocular tension measured with a weightless Schidétz tonometer. The suction 
cup is then applied to the sclera near the outer canthus, and a negative 
pressure of 150 mm. Hg is induced by withdrawing the plunger which is 
then fixed in position by means of a screw thread. The ocular tension (B) is 
recorded, the tonometer is removed, and the negative pressure is raised to 
165mm. Hg. After 4 minutes the tension is once more reduced to 150mm., 
the tonometer is replaced, and a third tonometric reading (C) is recorded. 


The outflow fraction °° FO) is estimated as in Blaxter’s test. 

There may be some blurring of vision at the end of the test, and there is 
marked lowering of the intra-ocular pressure. These effects pass off in 
about 20 minutes. 

In this test it is not necessary to maintain constant fixation, which is an 
advantage with uncooperative and uniocular patients, and the risk of 
corneal damage by prolonged tonometry is reduced. There was no evidence 
of corneal abrasion in any of the patients examined in this series. 

When using Bailliart’s dynamometer it is necessary to maintain a constant 
pressure normal to the globe, and this is difficult. If the dynamometer is 
not held in this position the effect on intra-ocular pressure is reduced. 
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Moreover, as the resistance to outflow increases with increased pressure in 
scleral and episcleral veins, the venous congestion caused by backward 
pressure of the globe into the orbit may complicate the results both in 
Blaxter’s bulbar pressure test and to a smaller degree in Grant’s tonography. 

Gonioscopy performed during the test on several occasions did not demon- 
strate any change in the angle of the anterior chamber. It has been suggested 
that forward movement of the lens—iris diaphragm during the bulbar pressure 
test of Blaxter has been responsible for irregular results in patients with 
shallow anterior chambers because of occasional mechanical closure of the 
angle (Duke-Elder, 1955). 

This test was performed with ease on most patients, but it was found 
difficult in a few with narrow palpebral apertures. In two patients who 
complained of discomfort the test was abandoned. 

In common with other similar tests, its accuracy is limited by the efficiency 
of the tonometers at present available. Moreover, the influence of scleral 
rigidity may be of greater importance in this test than in simple tonography, 
because of the relatively high pressure employed. 


Results 


The test was performed on thirty patients with known simple glaucoma, 
who had not been operated upon, and upon forty control volunteers above 
50 years of age who had attended at the hospital for refraction. In the 
majority of patients both eyes were tested. No significant difference between 
the two eyes was detected, nor was there any difference in the results from 
male and female patients. The results are summarized in Table I and in 
Table II (opposite). 

TABLE I 


OUTFLOW FRACTION IN NORMAL SUBJECTS AND IN PATIENTS WITH 
CHRONIC GLAUCOMA 





{ 


Controls Chronic Glaucoma 


Number of 
Subjects . “ 

Right Left Right Left 

* Eye Eye Eye Eye 


Total 37 34 28 30 











Outflow Fraction Less than 20 2 3 23 25 
Percentage 5-4 8-8 82:1 83-3 














Outflow Fraction 26 and Over 29 27 3 : ‘ 


Percentage 78-4 79-4 10-7 














It will be seen that there is a considerable difference in those obtained from 
the glaucomatous and control groups, but that there is also some overlap. 


We feel that this overlap can be explained by the experimental error which 
is likely to occur when a Schidtz tonometer is used, but that other factors 
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TABLE II 
RESULTS IN 37 CONTROL SUBJECTS AND 28 CASES OF SIMPLE GLAUCOMA 





Controls Simple Glaucoma 





Right Eye Right Eye Left Eye 





Outflow Outflow Outflow 
Fraction Fraction iti Fraction 
100 (B-C) 100 (B-C) 100 (B-C) 

B B 


























Schidtz 1926 Scale 
Weightless Tonometer 














22 
20 
18 
20 
17 
17 
22 
20 
25 
20 
25 
20 
17 
20 
19 
19 
20 
19 
22 
19 
19 
19 
23 
16 
23 
19 
25 
16 
18 
12 
29 
17 
20 
16 
19 
16 
20 





may be present. The results are illustrated in the graph (Fig. 3, overleaf). 
It would appear that when the test is performed in this way an outflow 
fraction of 20 and under is probably indicative of glaucoma, whereas a 
fraction greater than 25 is suggestive of a normal facility of outflow. 

33 
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CONTROLS 34 EVES 


LEFT 
EYE x= == SIMPLE GLAUCOMA 30 EYES 


EACH GROUP 


N°? IN 
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OUTFLOW FRACTION 


Fic. 3.—Outflow fraction in normal eyes and in eyes with simple glaucoma, 


Summary 


A method of assessing the rate of fall of ocular tension in the compressed 
globe is described. The results in normal controls and in patients with 


glaucoma are compared. 


This work was initiated at the Glaucoma Clinic, Whipps Cross Hospital, and completed at the 
Institute of Ophthalmology, London. We wish to thank Sir Stewart Duke-Elder for his advice 
and encouragement, and the Medical Illustration Department of the Institute of Ophthalmology 
for preparing the illustrations. 
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CASE NOTES 


CONJUNCTIVAL PLASMOMA* 


BY 


Ss. P. MATHUR 
P.B.M. Group of Hospitals, Bikaner (Rajasthan), India 


THIs rare primary plasma cell tumour of soft tissue is usually restricted to 
the mucous membrane and submucous tissue of the alimentary and respira- 
tory passages of the head and neck, the most frequent sites being the nasal 
cavity and nasopharynx (Claiborn and Ferris, 1931; Blacklock and 
Macartney, 1932). Kaufmann (1929) refers also to plasmocytomata of the 
buccal cavity, tonsils, larynx, and conjunctiva. These form single or 
multiple, polypoid or lobulated masses projecting into the neighbouring 
cavities, and though benign they sometimes invade the underlying bones. 
They are of two types: those of inflammatory origin which usually occur 
in cases of old trachoma, and those of non-inflammatory origin of uncertain 
aetiology (Kreibig, 1933). 


Case Reports 


Case 1, a 60-year-old female, had suffered from entropion of the right lower lid for 
the last 3 years. 
Examination.—When the eyelid was everted a conjunctival growth about 2°5 x 1 x 1 cm. 


was seen to involve the lateral two-thirds of the lid. The overlying skin was free, but 
the growth extended down to the lower outer orbital margin. The fornix and bulbar 


conjunctiva were free. The regional lymph glands were not palpable. Local examina- 
tion of the eye revealed nothing. abnormal. 


The patient was healthy, and the blood, urine, and bone marrow showed no abnormality. 


Treatment.—The growth was excised leaving the skin and lid margin intact. It was 
loosely adherent to the orbital margin from which it was cut. The tumour was sub- 
jected to microscopic examination and was reported as a plasmoma. 


Progress.—The wound healed normally and the patient was discharged, but she returned 


about a month later with an indurated mass at the same site which was this time adherent 
to the skin as well. The part involved was excised with some surrounding tissue and the 


lid was repaired. The case has been followed up for 4 months. 
Case 2, a 30-year-old female, presented with a growth over the left eyeball noted for the 
first time about 3 months before. There had been no local or general complaints except 
for a sensation of foreign body in the eye. 

Examination.—A flattened oval growth 1 x 0-75 cm. was present in the upper and inner 
quadrant of the left bulbar conjunctiva, just short of the limbus and the caruncle. There 
was no conjunctival congestion and the growth could be moved freely over the sclera. 





* Received for publication August 26, 1958. 
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The eyeball was otherwise normal, and the regional lymph glands were not involved. 
Routine examinations of the urine, stools, and blood were normal. Serological tests for 
syphilis were negative. The total blood proteins were 5-85 g. per cent., serum albumin 
2-59 g. per cent., and serum globulin 3-26 g. per cent. 


Treatment.—The growth was excised together with a few millimetres of the surrounding 
healthy conjunctiva. 


Progress.—The bare sclera which was left to epithelialize, healed uneventfully. 


Histological Examination —The growth consisted of a collection of plasma cells with 
centrally-located blood vessels. There were large.intervening areas of hyalinized tissue. 


Congo red staining did not reveal amyloid degeneration. 
Discussion 

The histological appearance of a growth of this kind is such that it is likely 
to be mistaken for a gumma. The normal regional lymph glands and the 
negative serological tests for syphilis exclude this. Another possibility is 
trachoma, but this does not seem probable in the present cases because of 
the position of the tumours. 

In the second case, there was a definite rise in the serum globulin level. 
It is well known that the plasma cells produce globulin, but the relation of 
globulin to the development of a plasmoma is uncertain. 


Summary 


Two cases of plasmoma of the palpebral conjunctiva are,described. In 
the first case the tumour recurred after local excision and a more extensive 
excision of the surrounding tissue became necessary. In the second case a 
larger area was excised and there has been no recurrence. The differential 
diagnosis is discussed. 


I thank Dr. P. N. Wahi, M.D., M.R.C.P., F.N.I., Principal and Professor of Pathology, 
S.N. Medical College, Agra, for his opinion on the microscopic appearance of the tumour, and 
Dr. T. G. Mathur, P.M. and H. O., Bharatpur, for permission to publish these cases, which were 
seen at Bharatpur. 
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REMOVAL OF ELSCHNIG’S PEARLS* 


BY 


D. H. COOP 
London 


After extracapsular cataract extraction Elschnig’s pearls rarely develop in 
sufficient quantity to interfere seriously with vision. The following case 
illustrates such a complication, together with a simple but effective method 
of treatment. 

Case Report 


A man aged 25 years was recently referred to Moorfields Eye Hospital (High Holborn) 
because of blurred vision. In 1951 bilateral lamellar cataracts had been needled in 
another country. The visual acuity in both eyes subsequently improved, but by 1956 
was beginning to blur again, and when the patient was seen at Moorfields it was reduced 
to hand movements. In each eye the pupillary region was found to be occluded by a 
mass of Elschnig’s pearls which were proliferating forwards into the anterior chamber. 

He was therefore admitted to hospital and the Elschnig’s pearls in the left eye were 
washed out through a keratome incision after mobilization with an iris repositor. No 
difficulties were encountered at operation, and within a few days the visual acuity could 
be improved to 6/5 and N.5. 


Ficure.—Elschnig’s pearls before and after anterior chamber irrigation. 


The visual improvement was so dramatic that a similar operation was performed on 
the right eye (Figure). In this case, the Elschnig’s pearls were easily removed by 
irrigation alone, no iris repositor being introduced. The result was similar, and with 
contact lenses the visual acuity improved to 6/4 in each eye. 


I wish to thank Mr. S. J. H. Miller for his permission to publish this case, and Mr. T. Tarrant 
of the Medical Illustration Department, Institute of Ophthalmology for the illustrations. 





* Received for publication January 26, 1959. 
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APPLIANCES 
DIATHERMY ELECTRODE*+ 


BY 
V. PREZIOSI 
Malta, G.C. 
THE difficulties of the present technique and the variable results of dia- 
thermy depend to some extent on the following factors: 
(1) The variation in dryness of the surface where the electrode is applied. 
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* Received for publication August 1, 1958. 
+ This instrument was manufactured by C. W. Dixey and Son, Ltd., of 19 Wigmore Street, London, W.1. 
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(2) The pressure exerted on the eye. 
(3) The difficulties presented by holes far back, e.g. near the posterior pole, 
to which diathermy cannot be applied under direct vision. 

The new diathermy applicator, which has been devised with these points 
in mind (Fig. 1), consists of a hollow insulated handle, through the centre 
of which runs a hollow metal tube. At one end a detachable hollow electrode 
can be fitted and at the other end a suction tube is fitted on to the hollow 
metal tube. The lead of the electrode is attached to the body of the tube. 


The suction tube is connected to a vacuum pump where suction power 
can be set and controlled (such as that used for the aspiration of mucus in 
anaesthesia). 


The head of the electrode is circular and can be made to various diameters. 


The details of the various parts of the apparatus are shown in Fig. 2. 


The advantages of the new instrument are as follows: 

(1) Constant pressure of the electrode against the sclera (being a controlled 
negative pressure). This means that diathermy can be applied as easily 
to a soft eye, e.g. one which has lost its subretinal fluid through drainage 
puncture, as to an eye of normal tension. 

(2) Perfect dryness of the surface treated. 

(3) Ease of application where direct vision is not possible. 


(4) Following from (1) and (2) above, the current applied is more constant in 
strength. 
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ATTACHMENT FOR A TUDOR THOMAS CORNEAL 
GRAFT STAND* 


BY 


Cc. R. KANAGASUNDARAM 
Eye Infirmary, Wolverhampton 


Donor material for corneal grafting is not readily available. In exploring 
all sources, it was thought that one could use material which would other- 
wise be wasted if it were possible to cut satisfactory lamellar grafts from 
excised corneae. The attachment to be described is the result of experiments 
conducted with this purpose in view. 

The idea originated from a desire to use corneae from eyes eviscerated 
after injuries. This type of. material is sometimes available in industrial 
areas where eyes can be hopelessly damaged by pieces of metal travelling 
at a high velocity. Such fragments are considered sterile and hence the 
question of infection is not an important one. 

The initial trials were made by Mr. H. Campbell Orr with the co-operation 
of Messrs. C. W. Dixey and Son, Ltd. The first method used was to pin 
the excised cornea to a suitably shaped mould, consisting of an acrylic ball 
conforming to the curvature of the eye, with holes drilled in it to accommo- 
date the pins used to fasten the cornea. This method was discarded as the 
donor cornea was not held firmly enough by the pins. More elaborate 
devices were being considered when matters were precipitated by a patient 
who needed a lamellar corneal graft as an emergency measure, the only 
donor material available being a portion of a cornea from an eye to be 
eviscerated after a recent injury. The device described below gave a satis- 
factory answer to an urgent problem. It has the virtues of simplicity and 
ease of manufacture and proved so convenient that we have continued to 
use it with only a few minor modifications. 


Construction 


The appliance comprises a closely fitting cup-shaped attachment which 
slides easily over the top of a Tudor Thomas stand. The excised donor 
cornea is held between a resilient plastic ball which rests in the hollow on 
top of the stand and the attachment itself (Fig. 1, opposite). The attach- 
ment is pressed down till the cornea is held firmly and a set screw on the 
side fixes it in place (Fig. 2, opposite). 


* Received for publication September 25, 1958. 
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Fic. 1.—Attachment and plastic ball used for fixing excised cornea. 





Fic. 2.—Intact enucleated eye fixed on the stand. 


The circular aperture at 
the top is 11 mm. in dia- 
meter and fits over the 
donor cornea holding it 


‘near its periphery. Four 


pairs of teeth cut in the 
edge of the aperture help 
to fix the cornea and pre- 
vent it from rotating while 
a graft is being trephined. 
A drop of saline between 
the cornea and the plastic 
ball provides a cushion 
which one can trephine 
against. 

The teeth divide the 
aperture into quadrants 
and serve as markers for 
four pre-placed corneal 
sutures if such a technique 
is desired in lamellar graft- 
ing. The smooth contour 


of the attachment saves the sutures fouling the fagers or the gauze swabs 
which are normally used to hold the donor eye. The flat surface of the 
attachment provides a firm support for the fingers during delicate manipu- 
lations. 
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Methods of Use 


The device has been found so convenient that it has also been used to 
fix intact enucleated eyes while cutting lamellar and full-thickness grafts, in 
preference to the usual suture in the optic nerve technique. The globe is 
merely dropped ‘into the hollow in the top of a Tudor Thomas stand and 
the attachment is fixed over it as described earlier, the whole procedure 
taking only a few seconds. 


The level of the intra-ocular pressure is of importance during the cutting 
of a graft. The surgeon or his assistant can delicately adjust this pressure 
by indenting the globe with the point of a pair of forceps introduced through 
a hole in the side of the attachment. Three such holes are made so that 
one of them will always be in a convenient position whichever way the 
stand is rotated. The cornea can also be centred in relation to the aperture 
in the top of the attachment by gripping a muscle insertion on the globe 
through one of these holes. 

We have used an attachment with a 11 mm. aperture at this hospital for 
several months and find it entirely suitable for the type of work described. 
Sections of copper pipe were used for the barrel of the attachment, the top 
being made of stainless steel soldered on to the copper barrel. The whole 
job was done in the hospital workshop by the tinsmith, Mr. White, and 
could not have cost more than a few shillings. 
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BOOK REVIEWS 


Worth and Chavasse’s Squint. By T. Keith Lyle and G. J.O. Bridgeman. 1959. Pp. viii 
+ 392, 214 figs. Bailli¢re, Tindall, & Cox, London. (52s. 6d.) 

Worth’s “ Sguint, Its Causes, Pathology, and Treatment’? was one of the classics of 
ophthalmology. Appearing first in 1903 as a result of the meticulous and imaginative 
study of 2,337 cases seen in the previous decade, the book ran through successive editions 
until failing health forced the author to transfer further work into other and younger 
hands. The result was the appearance in 1939 of the 7th edition as a completely new 
book written by Bernard Chavasse, full of original ideas which shed a new light on our 
conceptions of the aetiology of anomalies of ocular motility and binocular vision based 
on the development of binocular reflexes. The early death of this author necessitated a 
further transfer, and the 8th edition (1950) appeared essentially the same in spirit but 
fortunately re-written in more comprehensible style by T. Keith Lyle; in the present 
edition Mr. Lyle has sought the collaboration of Mr. G. J. O. Bridgeman to produce a 
larger and more comprehensive book, further clarified and simplified, so that, although 
retaining much of the philosophy of Chavasse, it may be considered as a completely new 
volume. 

The value of the accurate and detailed diagnosis of these motor anomalies of the eye 
and of the limitation of orthoptic treatment in their rectification have now had time to be 
assessed objectively, so that the new knowledge thus obtained can be expressed with 
considerable confidence; moreover, within the last two decades considerable advances 
have been made in the surgical treatment of paralytic strabismus, particularly of traumatic 
origin. These have been incorporated, while separate sections have been written on the 
clinical classification, natural history, prognosis, and treatment of the various muscular 
anomalies met with in practice. The writing is direct and didactic and the text is richly 
interspersed with the outlines of illustrative case-histories. This perhaps makes for 
difficult reading but it is certainly meaningful and the resultant volume is undoubtedly 
the most authoritative on this subject in the English language. 


French Ophthalmology in the Twentieth Century. (L’ophtalmologie francaise au XX¢ 
siécle.) By R. Onfray. 1959. Pp. 238. Masson, Paris. (Fr. frs 2,200). 

The history of ophthalmology in the last 50 years is rich and profuse but, like all the 
yesterdays of history, it commands only our grudging appraisal. The future is tantalizing, 
and the remoter part so much more romantic. 

The story that Onfray unfolds is a formidable one, for the ambit of these 50 years of 
French ophthalmology is catalogued under its conventional text-book headings, and the 
contribution of French ophthalmologists in each single field is faithfully appraised. In 
addition, there are chapters telling of the hospital organization of ophthalmology in 
France, of the various ophthalmological journals and major publications, and finally of 
the confines of ophthalmology in various political and legal aspects. 

Such congested catalogues generally make dry reading, but serve their unassuming 
function in the shelves of reference, but Onfray has given life to his subject matter and the 
sense of historical drama is never lacking from his narrative. The book is well produced 
and the author deserves our considerable praise. 


Ophthalmology. Méedico-surgical Therapeutic Indications. (Ophtalmologie. . Directives 
thérapeutiques médico-chirurgicales.) By G. Offret and G. Lombard. 1959. 
Pp. 370. Doin, Paris. (Fr. frs 3,750). 
This book is one of a series which treats of practical therapeutics in all branches of 
medicine; the idea is to produce at frequent intervals a short volume giving an outline 
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of recent methods of treatment. The first part of the book deals with the therapeutics 
of symptoms—weeping, photophobia, ophthalmological pain, defects of vision, diplopia, 
andsoon. The second part details general therapeutic methods—anaesthesia, mydriatics, 
miotics, antibiotics, anticoagulants, hormones, tissue-therapy, anti-allergic medication, 
and so on, with a short and rather interesting chapter on psychotherapy. The third 
part approaches the subject from the opposite aspect and gives a short résumé of thera- 
peutic measures for diseases considered topographically—diseases of the conjunctiva, 
cornea, uveal tract, and so on. The fourth part discusses the treatment of general 
diseases as they affect the eye—tuberculosis, syphilis, focal infection, toxoplasmosis, etc, 
The fifth and final section deals with neoplasms. The book is short and clearly written 


and should be of great value to the clinical ophthalmologist. 


Advances in Ophthalmology, Vol. 9. Edited by E. B. Streiff. 1959. Pp. 377, 130 figs. 
Karger, Basel (Swiss frs 56). : ; 

The ninth volume of Advances in Ophthalmology gives a résumé of five subjects: the 
duplicity theory of vision, vertical strabismus, the permeability of the blood—aqueous 
barrier to fluorescein, the use of electro-mechanical punch cards, and the recent literature 
on the lids and lacrimal apparatus. : 

The section on the duplicity theory, written by Per and Arne Saugstad of Oslo, gives 
an extensive review of the present position of the view put forward initially by Schultze of 
a dual mechanism of the retina subserved by the rods and cones. Experimental results, 
all of which are quoted in considerabie detail, indicate that such a theory in its original 
and simple form cannot fit the facts, The authors conclude, however, that there is ample 
evidence of both an anatomical and a functional nature in support of the concept of a 
duality of function in two types of photo-receptor, but that their activities are qualified 
by subsequent integration both in the retina and in the central nervous system. A more 
comprehensive theory is thus required, the nature of which, in the present state of our 
knowledge, cannot yet be formulated. 

Malbran and Norbis of Buenos Aires contribute the second section in which the 
complicated and somewhat controversial subject of vertical strabismus is analysed, with 
its aetiology and the clinical diagnosis-of its various forms; an excellent bibliography is 
appended. ; z 

A discussion of the permeability of the blood—aqueous barrier to fluorescein is contri- 
buted by Lugossy of Budapest. This chapter contains much of the physiology of the 
blood—aqueous barrier and the nature of the aqueous humour both in health and disease, 
a history of the experimental exploration of the passage of fluorescein from the blood into 
the eye since the early work of Ehrlich, and the more recent quantitative methods which 
have been applied in the assessment of permeability within the last decade, together with 
a discussion of the clinical value of the fluorescein test in a Jarge number of clinical con- 
ditions, The extent of the field thus covered is indicated by the fact that the bibliography 
occupies 16 pages. 

A short section on the value of mechanical punch-cards in medicine, contributed by a 
team of ophthalmologists from Marseilles headed by G. E. Jayle, suggests a standard 
card for the assessment of age-changes in the eye. 

The last section, dealing with the lids and lacrimal apparatus, comprises a valuable 
summary of the literature between 1946 and 1955. 
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NOTES 


FurTHER BriTISH STANDARDS RELATING TO SPECTACLES 


In continuation of the work on standardization of spectacles, of which the first part, 
“B.S. 2738: Spectacle Lenses’’, was published in 1956, the British Standards Institution 
will shortly be publishing five more parts. The subject falls naturally into two main 
divisions, lenses and frames, though there is considerable overlap. 

The standardization of lenses is carried a stage further in one of the new British 
Standards, ‘*B.S. 3062: Spectacle Lens Materials’’, and here are laid down values for the 
main optical characteristics of glass and of plastic materials for lenses together with the 
permitted deviations. A point of interest is the definition of limits of colour of white 
glass and plastics by scientific methods to replace the previous arbitrary “inspection by 
the trained eye’’. ; : 

The field of standardization of frames is entered with two British Standards, one for 
the cellulose acetate sheeting for the manufacture of frames and one for the screw threads 
used in assembly, 

A British Standard of greater importance to the prescriber and dispenser covers 
“Measurement of Spectacles”’, and this lays down a system of measurement based on the 
datum line and including a‘definition of standard optical centre position which B.S. 2738 
had perforce left somewhat vague. The opportunity has been taken of eliminating 
inconsistencies and some lack of precision in the previous datum system, chiefly by 
definition, in the glossary, of a range of terms sufficient for the complete description of 
a frame or mount and the positioning of its lenses. 

The last of the five new parts is concerned with Trial Case Lenses. The British Standard 
sets, righily, close limits and tolerances, sufficient to ensure that the optical performance 
of the lenses, when properly used, is accurately in accordance with their markings. In 
future all trial case lenses to this British Standard will be marked only on the front surface. 
Mounts will be held to fairly close dimensional limits, and the warning is given that it is 
intended further to narrow these limits in the future. The importance of these decisions 
on the mounts lies less in the mounts themselves than in the fact of making possible an 
improvement in the dimensional accuracy of trial frames, and every prescriber should 
welcome this. 

Much work still remains, but these five new British Standards represent a long stride 
forward, and there will be few who will not find interest in a perusal of their contents. 


INTERNATIONAL COUNCIL OF OPHTHALMOLOGY 


The International Council met in Paris on May 9, 1959, when the following were 
present: 

Duke-Elder (President), Berens (Vice-President), Hartmann (Secretary), Streiff (Treasurer), 
Arruga, Espildora Luque, Lyle, MacDonald, Melanowski, Miiller, Paufique, Uyemura, Weve, 
Bietti (International Organization against Trachoma), Franceschetti (International Association for 
the Prevention of Blindness), Frangois (European Society of Ophthalmology), Payne (Pan-American 


Association of Ophthalmology), Coppez (President of the last Congress), Sen (President of the next 
Congress). 
The more important business concerned the following: 
(1) Index Ophthalmologicus.—In view of the expense it was decided not to publish 
the new edition for the International Congress in 1962, but to defer this until 1966. 
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(2) XIX International Congress (Delhi, 1962).—Dr. Keran Sen, proposed by the Ali- 
India Ophthalmological Society, was accepted as President-designate. The Congress 
itself will be held in New Delhi from December 3 to 7, 1962. The full subscription for 
delegates will be 150 rupees (£10; 30 U.S. $); for Associate Members the subscription 
will be one-third of this, and a 10 per cent. surcharge will be added to the fee for those 
who do not belong to a Society affiliated to the International Federation. Members of 
Council and Secretaries of the various Ophthalmological Societies affiliated with the 
Federation are asked to forward suggestions for the two major Discussions and four 
Symposia, to the Secretary of the Council, Dr. Edward Hartmann (2 Avenue Ingres, Paris, 
France), before May 1, 1960. The number of free papers is limited to fifty, and they 
will be chosen from those offered by a committee of the International Council. The 
same committee will consider the films offered in order to eliminate those which are out 
of date, such as have been shown at previous congresses. 

(3) Admission of New Ophthalmological Societies.—Three societies were admitted to the 


Federation: The Section of Ophthalmology of the Society of Medical Sciences of Lisbon, 
and the Ophthalmological Societies of Hong Kong and Hungary. 


(4) Standardization of Tonometers—A commission was set up to consider the 
advisability of the standardization of the K-tonometer and the applanation tonometer. 
The following have been invited to serve: Goldmann (Berne), Jackson (Edinburgh), 
Kronfeld (Chicago), Mahneke (Copenhagen), and Miiller (Bonn). 


(5) Standardization of Clinical Records,—While the Council considered that it was not 
possible to suggest a standardization of clinical records which would be accepted by all 
countries, a commission was appointed to study the possibility of some standardization 
in the records of glaucomatous patients and for patients travelling from one country to 
another. The following have been asked to serve: Berens (New York), Bietti (Rome), 
Franceschetti (Geneva), and Miiller (Bonn). 


(6) The next meeting of the Council will be held in Athens on April 16, 1960, immed- 
iately before the opening of the First Congress of the European Society of Ophthalmology. 


FACULTY OF OPHTHALMOLOGISTS 
Study Tour to Holland, 1959 


A very interesting and stimulating tour of Holland enabled members to visit the 
country when the tulips were in bloom in delightful weather. 


Amsterdam.—We were welcomed to our first clinic by Professor and Mrs. Hagedoorn. Opera- 
tions were performed by Prof. A. Hagedoorn and Dr. J. E. Winkelman. A modified trephine 
operation, using a scleral flap and Goldmann’s light for localizing retinal holes, was demonstrated. 
Films included a description of the early and late repair of maxillary fractures. The importance 
and methods of accurate assessment of colour vision were stressed. Demonstrations of visual 
aids and electroretinography were of great interest. 


Leyden.—Prof. M. C. Colenbrander showed a number of interesting patients and talked of his 
interest in the subjective aspects of vision. Giving an account of visual aids he said that telescopic 
lenses were rarely of value. Modified sutures for corneal grafting and cataract extraction were 
described. 


Utrecht.—The party was welcomed by Prof. G. Ten Doesschate. He demonstrated the photo- 
coagulator and a pupillometer of new design which had been constructed in the hospital workshops. 
The members were privileged to see Prof. H. J. M. Weve perform a strenuous operating list 
including two retinal detachments. A visit was paid to the Institute of the Physiology of the Senses 
in Soesterberg and some of the work was explained by its Director, Dr. Bouman. Interesting 
films were shown including a demonstration of Fuchs’s syringe. ' 
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Groningen.— Prof. H. M. Dekking demonstrated his operating microscope and his methods for 
ocular photography. Dr. Worst showed some instruments of his own design, including negative 
pressure contact lenses for diagnostic purposes. 


Rotterdam.—Prof,. H. J. Flieringa showed a film of his ring and performed a number of opera- 


tions including a full-thickness scleral resection in which the lips of the sclera are everted. Dr. 
H. E. Henkes demonstrated modern trends in the electrophysiology of the eye and occipital cortex. 


Dr. G. H. Jonkers showed the Italian light coagulator and conducted us round the orthoptic and 


glaucoma clinics. 


The members of the tour felt that it was a marked success in every way. They were 
very impressed by the close association between clinical and research work in Dutch 
clinics, and by the extensive accommodation and varied equipment in general use. The 
members were overwhelmed by the hospitality they received and the memory of the 
kindness shown will always remain with them. 


Officers, 1959-60 
President: Mr. E. G. Mackie 
Vice-Presidents: Mr. J. E. M. Ayoub 


Mr. George W. Black 
Hon. Treasurer: Mr. G. T. W. Cashell 


Hon. Secretary: Mr. E. F. King, 
47, Lincoln’s Inn Fields, 


London, W.C.2 


UNIVERSITY OF TORONTO—FACULTY OF MEDICINE 
Refresher Course in Eye Surgery 


The Department of Ophthalmology, in collaboration with the Division of Postgraduate 
.Medical Education of the Faculty of Medicine, University of Toronto, offers a Refresher 
Course in Eye Surgery from April 4 to 6, 1960. 

Operative clinics will be given in the University Teaching Hospitals each morning, and 
formal clinics, lectures, and case presentations will be given in the afternoons. There 
will be symposia on glaucoma and retinal detachments. 

The fee for the course will be $40.00 payable to the Chief Accountant of the University 
of Toronto at the time of application, which should not be later than February 15, 1960. 
Further information and application forms may be obtained from the Division of Post- 
graduate Medical Education, Faculty of Medicine, University of Toronto. 


AMERICAN OPHTHALMOLOGICAL SOCIETY 
Officers, 1959-60 


At the annual meeting of the American Ophthalmological Society the following 
Officers for 1959-60 were elected: 


President: Dr. Algernon B. Reese (New York) 
Vice-President: Dr. Edwin B. Dunphy (Boston) 
Secretary-Treasurer: Dr. Maynard C. Wheeler (New York) 
Editor of Transactions: Dr. M. Elliott Randolph (Baltimore) 
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III OPHTHALMOLOGICAL CONGRESS OF TURKEY 
Biennial Congress, 1959 


The biennial ophthalmological congress of Turkey will be held in Ankara on October 8, 
9, and 10, 1959. The chief subject for discussion will be ‘‘ The Problem of Strabismus in 
Turkey”. There will also be a symposium on ‘‘ The Surgery of Glaucoma ”’. 

Ophthalmologists from all over the world are cordially invited to attend the congress. 

Inquiries should be addressed to the General Secretary of the Congress: Prof. Dr. 
Cahit Orgen, Tip Fakiiltesi Géz Klinigi, Ankara, Turkey. 


SOCIEDADE BRASILEIRA DE OFTALMOLOGIA 


Officers, 1959-60 


President: Dr. Carlos Henrique Bessa 
Vice-President: Dr. Joviano de Rezende Filho 
Secretary General: Dr. Evaldo Machado dos Santos 
First Secretary: Dr. Antonio Giardulli 

Second Secretary: Dr. Luiz Botelho Ferreira 

Treasurer: Dr. Carlos Américo Paiva Goncalves 
Director of Courses: Dr. Luiz Eurico Ferreira 

Director of Publications: Dr. Evaldo de Mendoga Campos 


NATIONAL COUNCIL TO COMBAT BLINDNESS 


The National Council to Combat Blindness, Inc., was founded in 1946 with the primary 
purpose of financing research in ophthalmology and related sciences. The objective of 
its programme is the ultimate reduction of blinding eye diseases and ocular disorders, 


through increased basic and clinical research in this field of scientific investigation. 

From 1950-1958, the Council has allocated almost ? million dollars for this purpose. 
Grants and fellowships approved at a meeting of the organization’s Scientific Advisory 
Committee on May 31, 1959, will be announced as soon as all official acceptances have 
been received. 

The closing date for receipt of completed applications for FIGHT FOR SIGHT full- 
time research fellowships, grants-in-aid, and summer student fellowships, has been 
designated as January 1, 1960. Notification will be given in the early Spring to those 
applicants for full-time research fellowships where it has been established that this is 
essential. In such instances, the commencement date of the fellowship may be in advance 
of August 1, but not prior to May 1. 

In general, notification to applicants for full-time research fellowships and grants-in-aid, 
will go forward in mid-July and the commencement date for awards will continue to be 
August 1. Applicants for student fellowships will continue to be notified in mid-May 
of the action taken by the Scientific Advisory Committee in order that they may make 
arrangements with their respective institutions to commence work in the early Summer. 

Appropriate forms may be obtained from the Secretary, National Council to Combat 
Blindness, Inc., 41 West 57th Street, New York 19, N.Y. 
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COMMUNICATIONS 


SCALPEL AND SCISSORS* 
A FLANGED INCISION FOR CATARACT EXTRACTION 
BY 


J. H. DOBREE 
St. Bartholomew’s Hospital and North Middlesex Hospital, London 


THIS incision for cataract combines security with ease of performance. 
The incision, made in greater part by scalpel, enables a flanged section to 
be fashioned, and entry by scalpel into the anterior chamber between two 
or three preplaced sutures is effected easily and without risk of cutting the 
sutures. Additional security is obtained by sealing the whole length of the 
incision by a 5-mm. conjunctival flap based on the limbus. 

The incision is shown in section in Fig. 1, which also shows its relation 
to the structures surrounding the filtration angle. 


Classical New 


Fic. 1.—Diagram of the classical incision and the suggested 
new method. 


The flange is formed by making three distinct cuts: 


(1) An almost vertical incision dividing the outer two-thirds of the scleral fibres; 
(2) A line of cleavage along the plane of the corneal lamellae; © 
(3) A short, almost vertical, cut dividing the inner one-third of the corneal fibres. 


The deeper layers of the corneo-sclera are thus cut to form a small flange 
or flap valve. This prevents gaping of the wound should the pressure in 
the anterior chamber suddenly rise, for the flange is simply forced towards 
the cornea and separation of the wound edges is rendered much less likely 





* Received for publication November 12, 1958. 
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than in the classical form of incision which opens more directly into the 
anterior chamber. 


Method 


The steps in the incision are as follows: 

(1) Formation of the Conjunctival Flap (Fig. A).—The conjunctiva is opened at 
12 o’clock, 5 mm. from the limbus, with spring scissors, and the incision is carried 
straight down to the sclera. The opening is extended medially and laterally to 
the 3 and 9 o’clock positions, keeping the conjunctival flap 5 mm. in width through- 
out. The flap is dissected cleanly down to the exact line of the limbus and then 


it is turned downwards over the cornea. 


Tooke’s knife is useful in dividing the more adherent subconjunctival tissues. Bleeding 
points are dealt with by cautery, but the thermal reaction must be kept to a minimum. 


(2) First Cut of Section, Incision of Outer Scleral Fibres (Fig. B).—The globe is 
fixed by gripping the tendon of the superior rectus through the conjunctiva, by 
means of von Mandach’s (non-toothed) fixation forceps. The scleral incision is 
made by scalpel and extends from 3 to 9 o’clock 0-5 mm. from the line of the 
reflected conjunctiva.* It is important that for this part of the incision the scalpel 


should be held almost vertical to the globe. 


With practice the fibres can be divided in one continuous sweep, but there is no parti- 
cular merit in this and it can be made both in length and depth in several cuts. It is of 
the utmost importance, however, that this part of the section should be sufficiently deep; 
fully two-thirds of the scleral thickness must be incised. The depth can easily be gauged 
by the degree to which the wound margins can be separated; light pressure on the corneal 
lip should cause a separation of from 1 to 1-5 mm. of the wound margins. 

If bleeding from inside the wound is encountered at this stage it is stopped by applying 


the cautery to the sclera just behind the oozing point. 


(3) Insertion of Preplaced Corneo-Scleral Sutures (Fig. C).—Sutures are placed 
at 11 and 1 o’clock when two are used, and at 10.30, 12 and 1.30 when three are 
applied. To simplify the drawings the two-suture method has been illustrated: 

The globe is fixed by applying corneo-scleral fixation forceps to the scleral lip 
of the wound, just to one side of the proposed line of suture. 

The needle, a single-armed Jameson Evans, carrying a Kalt silk suture, is now 
slid between the cornea and the downturned conjunctival flap. It is not necessary 
to lift up the conjunctiva, as the needle passes unexpectedly easily between the two 
epithelial surfaces. When the point of the needle, which can be seen through the 
conjunctiva, has almost reached the conjunctival reflection (i.e. about 1 mm. from 
the corneal edge of the wound), it is turned downwards into the corneal lamellae 
to a depth of a little over half the corneal thickness and reappears in the floor of 
the incision. The needle is then passed across the floor of the gaping wound, 
care being taken that, in this part of its course, it is actually travelling clear through 





* A Gillette Shape D blade will be found excellent for the purpose. A rounded scalpel handle 
may be preferred by some surgeons to make the curved incision. 
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the wound and not under the fibres forming the floor. It is then carried on through 
the scleral lip and turned upward to emerge 1 mm. behind it. A suitable length 
of silk is then drawn through. As the wound edges separate easily, about 1 mm. 
of the suture lies exposed on the floor and this is easily picked up, drawn out, and 
formed into a large loop which is laid sideways clear of the incision (see Fig. C). 
If three sutures are used, the middle suture is drawn out into a much larger loop 
and laid outside the lateral loop. 
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It is of the greatest importance that, in passing the needles, the direction should be 1 
each case along the line of a radius of the cornea; if this is not done the wound edges w. | 


tend to buckle when the sutures are tied. 
It will be found that, in passing the inner suture of the left eye, it is easier to hold the 


needle-holder in the left hand. 


(4) Cutting the Corneal Flange, Splitting the Corneal Lamellae (Fig. 2).—No 
fixation of the globe is required apart from traction on the conjunctival flap which 
is grasped on its raw surface about 2 mm. from its edge by Moorfields (non-toothed) 
forceps. As the flap is drawn downwards the corneo-scleral incision opens widely, 
and this keeps the exposed ends of the sutures well clear of the scalpel. 

The cornea is now simply split along the plane of its lamellae so that the super- 
ficial two-thirds of the corneal thickness, carrying the sutures, is undercut by 1 to 
15mm. _ This is done along the whole extent of the wound with the exception of 
the extreme ends. 

For this part of the incision the scalpel is held with the blade at an angle of 45° to the 
vertical, and the separation of the corneal lamellae is effected in very much the same way 
as in dissecting a lamellar corneal graft. 


Fic. 2.—Formation of flange, second step. Splitting the corneal lamellae. 


(5) Incision into the Anterior Chamber (Figs D and E).—This part of the incision 
completes the flange by dividing the inner one-third of the corneo-scleral fibres. | 
The downward traction on the conjunctiva is maintained so that the wound is | 
made to gape widely. The line of the incision is well anterior in the floor of the | 
wound under the corneal lip. The actual entry into the anterior chamber is in 








SCALPEL AND SCISSORS 517 


the central part of the incision and is made by a bold downward sweep of the scalpel 
which should cause an opening 5 to 6 mm. in extent (Fig. D). The aqueous 
escapes but the iris falls away from the knife edge and there is no danger of wound- 
ing it. The incision into the anterior chamber is now extended on either side 
with the scalpel until it has been carried past the line of sutures. The final 2 mm. 
or so of the corneo-scleral section is cut with scissors.* 























* Rycroft’s serrated corneo-scleral curved scissors is ideal for the purpose. 
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The scalpel should be held with the handle almost vertical for this part of the incisio:; 
or further splitting of the cornea, rather than entry into the anterior chamber, will resu!:. 
Once the anterior chamber has been opened, traction on the conjunctiva should be made 
forward rather than downward. This opens the wound and facilitates the lateral 
extension by scalpel and scissors. 











If this scalpel part of the incision is kept well anterior in the floor of the wound, a 
flange of about 1-5 mm. in width will be formed along the whole extent of the 
wound with the exception of the extreme ends. 








IRmpoTOMy.—The procedures necessary to remove the cataract are not affected by the 
incision, with the exception of the performance of an iridotomy. 

As the flange extends rather further into the anterior chamber than in the classical 
incision, an opening in the iris tends to be a little nearer the pupil unless care is taken. A 
very simple manoeuvre ensures that an iridotomy is well placed and actually lies above the 
line of entry into the anterior chamber. This is done as follows: 


The corneal lip is raised on the upper surface of the blades of a de Weckers scissors, and the 
iris is grasped by forceps just above the pupil margin at 12 o’clock and pulled downwards over 
the lens. This stretches out the iris root and raises up a small vertical fold. The de Weckers 
scissors is now turned so that the points are poirting downwards, and the fold is snipped just 
below the flange. When the iris is released its root retracts so that the iridotomy or iridotomies 
lie well above the line of the wound. 






















(6) Closure of the Wound (Fig. F).—The scleral end of one of the sutures (the 
central one in the three-suture method) still carrying its needle, is drawn through 
until the loop is straightened out. The conjunctival flap is then raised and the 
needle passed through from raw to epithelial surface about 1 mm. above the 
limbus (see side picture, Fig. F). The two ends of the thread should now be 
separated by an interval of about 2 mm. and tied with a surgical knot. The 
remaining suture or sutures are tied in the same way. 

Care must be taken not to pull the sutures too tightly; the aim is simply to main- 
tain the wound edges in apposition while healing takes place. 

















When the preplaced corneo-scleral sutures have been secured there is little danger of 
the patient extruding intra-ocular contents and, particularly if there has been some 
complication during the extraction such as rupture of the capsule, it is an excellent pro- 


cedure again to turn down the flap over the cornea, and carefully to inspect the wound, 
removing any capsule or soft lens which may subsequently delay healing. 









Finally the conjunctival flap is sutured back in place by three interrupted Kalt 





(i ' silk sutures. 
It will be noted that no surgical assistant is required at any stage of the 





procedure. 










Post-operative Treatment 


The corneo-scleral sutures are removed after 10 days. The conjunctival sutures 
often cut out spontaneously, but any remaining are removed at the same time. 


The operated eye only is bandaged and the patient is told to keep the other 
closed for 12 hrs. A restless patient is allowed up in 24 hrs, but normally 48 hrs 


rest in bed is given. 
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Results 


This incision with scalpel and scissors has been used in 120 consecutive 
extractions. The most important modification adopted as the series 
proceeded was that the flange, originally made only in the middle 5 mm. 
or so’ of the incision, was later extended as far to the ends of the section as 
possible. The three-suture method was used in four cases where exceptional 
difficulty was expected during the immediate post-operative period, as, for 
example, in an operation on a certified mental patient. 

Complications which could be attributed to faulty wound closure were as 
follows: 


(1) Iris Prolapse-—Two cases—one on the second day and one on the 2Ist. 
The second was a case of cataract in a dislocated lens done by the three-suture 
method. Both patients did well after excision of the prolapse and re-suturing. 


(2) Hyphaema.—There were three cases of recurrent hyphaema which pro- 
longed the usual convalescence of 12 to 14 days by 1, 2, and 3 weeks respectively. 
After spontaneous absorption of blood there were no residual ill effects on the eyes. 
There were also several smaller hyphaemata which absorbed by the tenth post- 
operative day and did not delay convalescence. 


(3) Rupture of Wound.—This occurred in one case on the 21st post-operative 
day, a week after discharge from hospital. The patient was a diabetic and the 
rupture, accompanied by a large vitreous haemorrhage and massive uveal pro- 
lapse, occurred during a paroxysm of coughing. The prolapse was excised and 


the wound re-sutured, but 6 weeks later exactly the same thing happened again. 
After a second re-suture the globe was preserved, but all sight was lost. 


(4) Separation of the Wound.—This occurred in three cases, one caused by the 


root of the iris becoming adherent to the section, one by incarceration of the lens 


capsule, and the third by vitreous which oozed between the lips of the wound. 
The sections were well sealed by the conjunctival flap and were not interfered with. 


All healed firmly. The resultant astigmatism in the first case was 6D, with a 


visual acuity of 6/18, in the second ay astigmatism of 4D, with a visual acuity of 


6/12, and in the last an astigmatism of 3D with a visual acuity of 6/9 +. 


There were no other complications of wound closure, such as fistula, failure 
to reform the anterior chamber, epithelial invasion, or secondary glaucoma, 

This is far from being a satisfactory series from a surgical point of view, 
but the technique was experimental in the first half of the series in which 
the majority of complications occurred. The most important lessons learnt 
were the correct formation of the flange and the need to keep the direction 
of the sutures exactly radial in direction and not to tie them too tightly. 

The material was not ideal; there were 26 patients (21-6 per cent.) aged 
80 or over, twelve (10 per cent.) who were suffering from diabetes, and four 
(3-3 per cent.) who were certified mental patients. 
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Discussion 

An important principle in the making of surgical wounds is to contrive 
that successive layers are opened in such a way that the lines of incision do 
not underline one another directly. The method described adheres to this 
tenet (see side picture of completed section, Fig. F). 

The security of wound closure obtained by this technique depends on the 
corneal flange and the conjunctival flap and, to a lesser extent, on the tension 
of the sutures. In fact, the latter act mainly in the role of bridles, or stays, 
keeping the wound edges in apposition during the initial stages of healing. 
Dunnington (1955) points out that the tissues in the immediate vicinity of 
a corneo-scleral suture become devitalised and may become necrotic if the 
suture is tied too tightly. He states that the number of sutures used should 
be no greater than necessary to maintain apposition. It is felt that two 
preplaced corneo-scleral sutures give adequate security in the general run 
of cases, but that the three-suture method has advantages where the main 
concern is the possibility of exceptional strain on the wound in the first 3 days 
or so after operation. 

A great virtue of the method is its ease of performance. Since the wound 
opens out as the incision is deepened, there is little danger of cutting the pre- 
placed sutures. 

The scalpel, with the modern hollow-ground blade, gives a consistently 
good cut and, moreover, has a familiarity in its handling from the outset, 
which is very different from the prolonged discipline demanded by the von 


Graefe knife, or even by the keratome. 


Summary 


A technique of making a flanged corneo-scleral cataract section using 
scalpel and scissors is described. 
The results of a preliminary series of 120 cases are given. 


My thanks are due to Dr. P. Hansell and Mr. T. R. Tarrant, of the Department of Medical 


Illustration, Institute of Ophthalmology, for the illustrations. 
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V-Z PROCEDURE FOR THE CORRECTION OF 
SENILE ECTROPION* 


BY 


ALBERTO URRETS-ZAVALIA, Jr 


From the Ophthalmic Clinic, Universidad Nacional de Cérdoba Medical School, 
Cordoba, Argentina 


Or the many methods devised for repair of senile ectropion of the relaxed 
type, the two most widely used are perhaps the Kuhnt-Szymanowski and 


the Blaskovicz techniques. 

The former may be performed in two different ways, according to whether 
the tarso-conjunctival triangle is excised from the middle third of the lower 
lid (Meller, 1950), or from its outermost part, near the lateral canthus 
(Elschnig, 1922). The one technique requires a long intermarginal incision, 
thus creating the possibility of disrupting the lash roots and of producing 
an unevenness of the lid border; the other may give rise to some deformity 
of the external commissure. In each case the whole lid is drawn temporally, 
and an unsightly displacement of the lower lacrimal papilla and punctum 
can ensue, the more so when the ectropion is confined to the inner segment 
of the lid. 

In the operation described by Blaskovicz (1922), a complete section of the 
lid is removed by means of two parallel incisions, and a sliding skin-flap is 
fashioned which, owing to the excision of a Burow triangle, serves to hold 
the lid in its proper position. According to whether the defect appears pre- 
dominantly in the nasal or the temporal part of the lid, two variants of the 
same procedure are used, which differ only in that the resected triangle is 
located in the vicinity of the ala of the nose or in the temporal region. 
Although, originally, the apposition of the margins of the surgical coloboma 
was effected by several carefully placed border-to-border sutures, a much 
better result may be obtained if a Hughes tongue-and-groove joint or a 
Wheeler halving is used. 

In any case, the fact remains that the operation requires a rather extensive 
dissection and that the scars do not always become as inconspicuous as 
might be desired. On occasions, too, an epicanthus-like fold over the 
internal canthus or a downward displacement of the latter may appear as a 
late complication when the operation is performed on the nasal side. 

To overcome these difficulties, a procedure has been evolved which con- 
sists basically in the excision of a triangular full-thickness segment of the 





* Received for publication November 4, 1958. 
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lid, as in the old Adams procedure, and in the subsequent transposition of 
the two cutaneous flaps which result from making two obliquely oriented 
incisions at both the upper and the lower end of the suture line closing the 
surgical coloboma. The technique is similar in many respects to that con- 
ceived by Schneider (1956) for the treatment of squamous-cell carcinoma of 
the lower lip. In view of its effectiveness and «xtreme simplicity, it has come 
to be regarded by my associates and myself as the method of choice for the 
correction of senile ectropion whenever the skin and the orbicularis muscle 
are lacking in elasticity and tone and there is a substantial lengthening of the 


lower lid border (Fig. 1). 











Ee 


Fic. 1.—Pre- and post-operative photographs of three cases of senile ectropion repaired with 
the V-Z procedure. 
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On the other hand, in cases of the so-called catarrhal type of senile ectrop- 
ion, where the cause of the defect seems to lie in a retraction of the skin in 
the vertical sense, preference should be given to the methods of Kuhnt (1908) 
and of Landolt-Stallard (1885, 1948). 


Technique 


The operation is usually performed under local anaesthesia. Cocaine drops are 
instilled into the lower fornix and a 2 per cent. xylocaine solution, with epin- 
ephrine, is injected under the skin of the lower lid along the required portion 
of its length. As, by reason of their vasoconstrictor effect, the drops are apt to 
cause a transient reduction in the prevailing eversion of the lid, and as the sub- 
- cutaneous infiltration, by ballooning out the skin, would make it difficult to esti- 
mate the amount of tissue to be resected, it is advisable to start by making a fold 
between the thumb and forefinger of the left hand, so that the approximate separa- 
tion and course of the future incisions may be decided upon. The redundant 
area is then outlined with a sterile wooden toothpick soaked in a mercurochrome 
solution. 

Once the anaesthesia is complete, the lid is drawn upward from its border with 
a fixation forceps, and a V-shaped incision is made by two straight cuts from above 
with strong blunt scissors (Fig. 2), thus removing a triangular fragment of both the 
musculo-cutaneous and the tarso-conjunctival layers of the affected lid at the point 
where the defect is more marked. The incisions, of an average length of some 
9 mm., may be from 7 to 12 mm. distant at their starting points, according to the 
severity of the condition. A break in the continuity of the eyelid now appears, 
and this must be closed by careful approximation of the two edges. 


Fic. 2.—Senile ectropion. Out- 
line of area to be removed, 
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To avoid the production of a notch in the lid margin, a tongue-and-groove union 
is fashioned according to the directions of Hughes (1954), arid a double-armed, 
braided, black silk suture (size 000 000) is inserted to hold the tongue into the 
groove. The suture is drawn up snugly and tied over a rubber peg, so that a firm 
anchorage is established (Fig. 3). Three extra silk sutures (not shown in the 
illustration) are then placed, to achieve an accurate alignment of the lid border: 
one, which goes immediately below the rubber peg, helps to ensure a proper 
apposition of the skin edges; the others are intermarginal stitches which pass just 
behind the lash line and prevent the upper end of the coloboma from gaping. The 
slight thickening which results from the overlapping of tissues at the point of 
junction disappears in no time, and makes, in fact, for a better continuity of the 


lid border. 


Fic. 3.—Continuity of lid margin 
re-established by a tongue-and- 
groove union. Position of two 
additional skin incisions. 


As simple closure of the wound along a vertical line would lead to the formation 
of a scar which, because of the subsequent cicatricial retraction, might exert a 
pull perpendicular to the palpebral fissure, the suture line must be broken up by 
additional incisions. Two parallel, oblique cuts are therefore made to form an 
angle of 60° with the main wound, being of the same length as that part of the 
main wound which they enclose. The lower cut starts at the bottom of the main 
wound and runs upwards and to one side, and the other begins just under the 
most inferiorly placed appositional suture and goes downward and to the opposite 
side. 

The resulting triangular skin flaps are then dissected from the underlying 
orbicularis fibres and transposed. If the edges of the severed muscle are united 
with one or two 00000 absorbable (surgical gut) sutures, the flaps created by the 
Z-shaped incision will fall into place. These are sewn into position with the 
necessary number of very fine, closely-applied silk sutures (Fig. 4, opposite). 
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Fic. 4.—Triangular flaps trans- 
posed and sutured. 


The advantage of the transposition of the two flaps lies not only in the fact that 
the suture lines follow a zigzag course, but in that, being now nearly parallel to the 
lid border, they will become inconspicuous within a few weeks. Before the 
transposition of flaps, two of the three cuts which compose the Z are oblique and 
one is vertical. After the transposition, however, one suture line will be horizon- 
tally placed and, while still oblique, the remaining two will become almost horizon- 
tal if subjected to a sufficient degree of tension. Strong support in the form of a 
girth is thus provided for the weakened lower lid. 

A soft antibiotic ointment is instilled into the conjunctival sac and some por- 
phyrized sulphanilamide is applied thinly to the skin with a powder blower. A tight 
pressure bandage is applied and left in position for 6days. On the twelfth day, 
the sutures are removed and the pressure bandage is replaced by a light dressing 
which remains undisturbed for a few days longer. 

Discussion 

Because of continued exposure the palpebral conjunctiva frequently shows 
infiltrative and degenerative changes and may be considerably thickened; 
the lid may not therefore regain its correct position at once, but may remain 
somewhat separated from the eyeball by the thickened membrane. Very 
soon, however, the conjunctiva will recover a normal quality. 

Occasionally, the eyelashes will be seen to have acquired an abnormal 
direction, so that when the lid is brought back to its proper position they 
may come in contact with the cornea. This is best dealt with by cementing 
them down with collodion for as long as a bandage is worn. 

If, after the triangular fragment of lid is resected, or even at the time 
when the first suture is about to be tied, undercorrection seems liable to 
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occur, an additional amount of lid substance may be removed until the desired 
effect is attained. 

On the other hand, an excessive resection will make it difficult to appose 
the edges of the coloboma. If the tension necessary to do so is moderate, 
the mattress suture may be tied, for the tarsal plate will be able to stand the 
ensuing stress; the lid border will then usually occupy an abnormally low 
position during the first week, until the tissues yield in proportion to the 
stretch to which they are submitted. If, however, it is deemed unsafe to 
put the suture under the strain required to close the defect, the lateral attach- 
ment of the tarsus to the orbital margin will have to be severed subcutaneous- 
ly by the technique advocated by Agnew (Blaskovicz and Kreiker, 1938). 

The importance of the pressure bandage recommended by Hughes (1954) 
for use in reparative procedures on the lids cannot be overemphasized: the 
immobilization of tissues, the control of haemorrhage, and the prevention 
of swelling thus secured will avoid the sutures pulling out and the suture 
lines separating, especially in cases where the excision is extensive and the 
lid remains under tension. If the first suture, which re-establishes the 
continuity of the margin, happened to cut through the tarsal plate and 
skin, the chances are that an unsightly indentation will appear; yet, this 
would not be as large as might be expected from the fact that the surgical 
coloboma went originally through the whole width of the lid, for only the 
upper, marginal part of the wound would reopen. Of course, secondary 
closure of the notch may always be performed after the oedema has sub- 
sided, and this with the same tongue-and-groove method or else by means 
of the Wheeler (1939a, b) halving procedure; the edges of the coloboma will 
then have to be freshened with a narrow cataract knife. 

Although the procedure described was used at first only for the repair of 
senile ectropion, it soon became evident that its applications might be 
manifold. Paralytic ectropion, fresh lacerations involving the lid margin, 
and colobomata of either the upper or the lower lid, whether of congenital 
or traumatic origin, may be satisfactorily repaired in this way. Tumours 
occupying a quarter or less of the entire lid may similarly be removed; this 
is especially indicated in older patients, where the laxity of the tissues 
makes it easy to approximate the edges of even larger defects. 

The technique here reported has also proved valuable in the correction of 
senile entropion. Senile-spastic entropion can be divided into two main 
types according to whether a substantial elongation of the lid border is 
present or not. If it is not present, a successful repair may be accomplished 
by means of the Birch-Hirschfeld method* of dissecting and crossing two 
orbicularis strips (Blaskovicz and Kreiker, 1938; Imre, 1942). When, on 
the other hand, there is considerable lengthening of the lid border, correction 
can be achieved only by shortening and strengthening both lid laminae; 
excellent results have been obtained in cases of this kind with the V-Z 


* This method has subsequently been modified by Wheeler (1939b) and by Castroviejo (1952). 
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excision and suture (Fig. 5), which gives good support to the lid through 
the horizontal traction exerted by the triangular flaps, so that the lower 
border of the tarsal plate is pressed against the eyeball. 


Before After * 
Fic. 5.—Senile entropion, before and after surgery. 


Summary 

Senile ectropion may be successfully corrected with a V-Z plastic pro- 
cedure comprising the following steps: 

(1) Excision of a base-up triangle from the whole lid thickness by means of two 
obliquely directed, convergent cuts; 

(2) Approximation of the edges of the resulting gap with a tongue-and-groove 
marginal union; 

(3) Breaking up the principal, vertical wound line with two additional skin 
incisions making an angle of 60° with that line; 

(4) Transposition of the flaps and proper suturing of the flaps to each other and 
to the adjoining skin. 

This technique has also been employed with good results in other pal- 
pebral disorders, such as recent lacerations involving the margin, traumatic 
and congenital colobomatous indentations, small tumours needing removal, 
and senile-spastic entropion whenever the lower lid is distended. 
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EFFECTS OF PARENTERAL IODOACETATE AND OTHER 
THIOL REAGENTS ON THE RABBIT RETINA* 


RELATION OF HISTOLOGICAL TO BIOCHEMICAL LESIONS 


BY 


J. P, NEWHOUSE anp D. R. LUCAS 


Wernher Group for Research in Ophthalmological Genetics (Medical Research Council), 
Royal College of Surgeons of England 


NOELL (1951) showed that a single intravenous injection of 15-30 mg. of 
neutralized iodoacetic acid (IAA) per kg. body weight rapidly extinguished 
the electroretinographic response to light of the rabbit retina. After two 
such injections of 20 mg. per kg., given at an interval of 6-8 hrs, histological 
damage was noted: the visual cell nuclei became pyknotic and the sensory 
organelles deteriorated. Noell (1955) reported that glycolysis, a conspicu- 
ous function of the normal retina, was severely depressed shortly after the 
“irreversibly effective” second injection had been given. From his pub- 
lished figures, respiration also appeared to be impaired, but Noell regarded 
the fall in glycolysis as the primary cause of cell death. 

Glycolysis and respiration both play an essential part in the metabolism 
of other nervous tissues. It is therefore surprising that the necrosis attributed 
primarily to glycolytic inhibition appeared to be confined to the retina. 
Some depression in carbohydrate metabolism seems:to be characteristic of 
acute retinal damage, since it also accompanies lesions produced by x-radia- 
tion and by oxygen poisoning. Whether this type of biochemical defect is 
directly responsible for the subsequent development of necrosis or whether 
it is an incidental consequence of some other form of disorganization is 
unknown. One purpose of the present work was to establish the sequence 
of events that follow IAA injection, particularly the onset and early progress 
of the biochemical and histological lesions. 

In its parenteral effects on the rabbit retina, IAA differs from other thiol 
reagents, none of which (except bromoacetate) is known to produce 
histological damage when injected at maximal tolerated dosage (Sorsby, New- 
house, and Lucas, 1957). That IAA possesses some unique capacity to inter- 
fere with retinal activity seems unlikely, for other thiol reagents have proved 
much more injurious to both the metabolism and structure of the isolated 
tissue when studied under standard conditions in vitro (Lucas and New- 
house, 1959). There is little reason to believe that IAA can cross blood- 
retinal barriers more readily than, for example, iodoacetamide or other 
potent thiol reagents. 





* Received for publication December 2 ,1958. 
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The distinction is more probably due to circumstances, limited to paren- 
teral work, which favour the effectiveness of IAA. First, [AA differs from 
most other thiol reagents in that its enzyme inhibitory effects are hardly 
reversed by the presence of thiol donors, such as glutathione (Barron and 
Singer, 1945). Removal of circulating IAA by this type of detoxication mech- 
anism would also be unlikely. Secondly, IAA is better tolerated systemically 
than most other thiol reagents, many of which are too toxic for dosage to be 
raised indefinitely until a retinal lesion appears. In comparative studies of 
this type, the highest concentration of a drug to which the intact retina may 
be exposed is limited entirely by the ability of the animal to survive toxic 
side-effects, particularly on the medullary centres. At the lethal dosage, 
which varies widely with the agent used, respiratory failure terminates the 
experiment, whether or not the retina has been able to respond. Thus an 
intravenous dosage of 0-14 m. mole IAA per kg. is not lethal to the rabbit yet 
injures the retina; when other thiol reagents are given at this dosage, the 
animals soon die. To test the possibility that death supervenes before 
metabolic blockage can precipitate tissue damage, the retinal histology and 
biochemistry of such animals soon after injection have therefore been 
investigated. 


Methods 


Animals.—Adult Dutch rabbits (1-5-2 kg.), ophthalmoscopically normal at the 
time of treatment, were used. Each of 21 animais received a single intravenous 
dose of sodium iodoacetate (NaIA), 0-14 m. mole (equivalent to 26 mg. iodo- 
acetic acid) per kg. body weight. In order that both the short-term and the more 
protracted effects on the retina could be observed, these animals were killed at 
various intervals between 5 min. and 24 hrs after treatment. (Within a few days 
of injection, the disposal of necrotic debris and other secondary changes so alter 
the character of the tissue that its chemical behaviour cannot easily be interpreted.) 
Five other rabbits each received a single intravenous injection (0-14 m. mole per 
kg.) of one of the following thiol reagents: ethyl iodoacetate (2 rabbits); sodium 
p-chloromercuribenzoate; phenacyl bromide; and 3-amino 4-hydroxyphenylarsine 
oxide hydrochloride. These animals were destroyed not longer than 1 hr after 
injection. 

Biochemical Studies.—The eyes were excised and opened in ice-cold oxygenated 
saline phosphate medium immediately after death. The retinae were dissected 
out and subdivided vertically. The pieces were then reassembled in portions 
(about 2 mg. dry weight) in which each segment was represented. One portion 
was always retained for histological fixation and the others were transferred to 
Warburg flasks (vol. 4 ml.), each containing medium (1 ml.) and substrate. There 
was no evidence of substantial difference in activity between the ventral and dorsal 


segments. 
Media.—It is impossible to reproduce in vitro the conditions that exist when the 


intact retina is exposed to parenteral IAA. Autologous plasma was used as 
35 
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incubating medium in some experiments with NalA but, because the residual 
presence of this agent may depress retinal activity to a level even lower than that 
reached at the time of excision, saline media were employed more frequently. 


Because the well-established Krebs-Ringer type media, buffered with either 
bicarbonate or phosphate, are not physiologically ideal, several authors have 
developed synthetic saline serum substitutes, in which a saline-bicarbonate 
mixture is supplemented by various organic acids (Krebs, 1950; Kornblueth, 
Yardeni-Yaron, and Wertheimer, 1953, Ames, 1956). Respiration and glucose 
utilization of tissues are thereby increased but, in our experience, the histological 
structure of the retina is less well maintained during incubation in these prepara- 
tions than in the conventional saline media. Because we were interested in both 
the histological and the biochemical changes induced under the same conditions in 


the normal retina, the use of a saline phosphate (or bicarbonate) solution, as a sub- 
optimal but relatively innocuous medium, was a necessary compromise. 


Autologous plasma was used as medium in four NaJA experiments, as follows: 
venous blood (5 ml.) was withdrawn from a heparinized rabbit (anaesthetized with 
urethane); one eye was simultaneously excised and its retina rapidly dissected 
out in ice-cold saline. 5 min. later an injection of NalA was given. The blood 
obtained was centrifuged at 4° C. and the resultant plasma was oxygenated. 
Some plasma was retained for measurement of lactate and reducing sugar while 
the rest was used to provide an incubation medium for portions of the control 
retina already dissected. 5 min. after injection, the sequence was repeated: blood 
was withdrawn, the other eye was removed, and its retina was incubated in plasma 
obtained simultaneously. 

The medium otherwise used was a saline-phosphate mixture, similar to that of 
Rodnight and MclIlwain (1954), containing (mM): NaC) 127; KCI 5:1; CaCi,2-7; 
MgSO, 1-3; KH2PO, 1-3; Na,HPO, 10-0; HCI 2-0. Though the presence of 
calcium in physiological concentration does not permit maximal respiratory 
activity, this ion was always included in the medium. 

Substrates.—Glucose (10 mM) or sodium pyruvate (20 mM) was always included 
in the saline-phosphate medium. No substrate was added at any stage in the 
plasma experiments; the reducing sugar concentration of plasma never fell below 
4mM. 

Incubation.—Into the well of each flask was measured 0-1 ml. of either KOH 
(20 per cent. w/v) in aerobic studies or alkaline pyrogallol (5 per cent.) or phos- 
phorus in anaerobic studies. The flasks were gassed for 7 min. with the appro- 
priate gas (O,, O,-CO, (5 per cent.), N2), and then incubated at 38°C. for 70 
min. in a Warburg respirometer bath. All manometric and photometric measure- 
ments of activity were made on duplicate portions of tissue, usually a piece from 
each eye, contained in separate respirometer assemblies, from which the mean 
activity was derived. 

Later Treatment.—The flasks were later removed and cooled in ice. Samples of 


the medium, whether saline-phosphate or plasma, were taken for measurement in 
duplicate of lactic acid content by the method of Barker and Summerson (1941). 


The retinal tissue was pipetted out, using calcium-free saline-phosphate as washing 
fluid, centrifuged in 3-ml. conical centrifuge tubes, drained and dried at 110° C. 
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to constant weight. The rates of lactic acid formation and oxygen uptake were 
expressed as « moles per g. dry weight of tissue per hour. 


Histological Studies—In sodium iodoacetate studies, whole eyes from ten 


rabbits and representative portions of the retinae from seven other rabbits used in 
biochemical work were removed at various times after injection, fixed in acid 


Zenker and embedded in ester wax as described by Chesterman and Leach (1956). 
Sections were stained by Mayer’s haemalum and eosin. Eyes from the five 


rabbits injected with the other thiol reagents received similar histological treatment. 


Results 


HISTOLOGICAL 
Sodium lodoacetate.—No histological changes of any kind were seen at 5 
min. or at | hr after injection (Fig. 1). 


ge 


1G. 1.—Area centralis 1 hr after intravenous injection of NalA (0:14 m. mole/kg.), show- 


ing no changes. Haematoxylin and eosin x 450. 


In the visual cell layer, nuclear pyknosis was visible at 4 hrs and increased 
progressively thereafter (Figs 2-4, overleaf); by 24 hrs, few nuclei were still 
intact and the rods themselves had become necrotic. In the inner layers also, 
nuclear pyknosis was always apparent from 4 hrs onwards, though the pro- 
portion of nuclei affected varied considerably and was unrelated totime. The 
inner layers may even be the first affected, for in one rabbit (No. 741, Fig. 2) 
extensive pyknosis of the bipolar cells occurred at a time (4 hrs) when rela- 


tively few visual cells were pyknotic. Involvement of the pigment epithelium 
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as 


Fic. 2.—Area centralis 4 hrs after intravenous injection of NaIA (0-14 m. mole/kg.), 
showing pyknotic nuclei in inner nuclear layer and two pyknotic ganglion cells. Haema- 
toxylin and eosin x 450. 


Fic, 3.—Area centralis 8 hrs after intravenous injection of NaIA (0:14 m. mole/kg.), 
showing many pyknotic visual cells, but few affected cells in the inner layers. Haema- 
toxylin and eosin x 450. 
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Fic. 4.—Area centralis 24 hrs after intravenous injection of NaIA (0-14 m. mole/kg.) 
showing extensive necrosis of the visual cell layer and many pyknotic bipolar cells (the 
latter appear more numerous than in Fig. 2, but inspection of the whole retinal field has 
shown that the difference is not great). Haematoxylin and eosin x 450. 
was harder to assess. Some swelling of the cells and scattering of the pig- 
ment granules was observed in two rabbits examined at 24 hrs, but such 
changes might not have been permanent. No earlier effect was seen. 
The progressive nuclear changes in the various layers are shown in Table I. 


TABLE I 
EFFECT OF TIME AFTER NaIA INJECTION UPON NUCLEAR CHANGE 





nero Rabbit Pigment Visual Bipolar Ganglion 
hrs) No. Epithelium Cells Cells Cells 





1 738 (Fig. 1) 
761 





741 (Fig. 2) 
756 
758 
762 (Fig. 3) 
776 








740 (Fig. 4) 
7715 
916 




















— No change + Small 
+ Occasional pyknotic nuclei ++ Moderate > proportion of pyknotic nuclei 
+++ Large 
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Other Thiol Reagents.—None of these substances caused perceptible 
damage to the retina during the first hour after injection. 


BIOCHEMICAL 


Two chemical functions of the retina of the experimental rabbit were 
' studied simultaneously under varying conditions. These are defined and 
their levels of activity in the retinae of thirty normal adult rabbits are given 
in Table II. 


TABLE II 


OXYGEN UPTAKE AND LACTIC ACID FORMATION (xu moles/g. dry wt. om) 
IN VITRO OF RABBIT RETINAE REMOVED AT VARIOUS TIMES AFT 
PARENTERAL ADMINISTRATION OF SODIUM IODOACETATE 


Saline-phosphate medium 38° C. 70 min. 





: Oxygen Uptake Lactic Acid Formation 
Time after Rabbit 
Injection . I Il Ill IV 
O2-Glucose | O,—Pyruvate O,—Glucose N2-Glucose 


221 268 769 1333 
190 278 611 572 


205 273 690 952 
177 187 94 123 
152 183 446 782 
155 196 788 621 
193 109 776 877 


169 526 601 




















24 hrs 176 355 679 


Normal 388 870 1121 
Values Standard 37:3 , 131-1 182-2 


(30 Rabbits) Error 
Range 326-448 718-1101 895-1318 























Sodium Iodoacetate.—Results are summarized in Table II. The retinae 
excised from two rabbits killed only 5 min. after injection of NaIA showed 
some fall in oxygen uptake (I) and possibly in lactate formation (IV, No. 618). 
That the decline in respiration was largely independent of any prior effect 
on glycolysis was shown by its persistence when pyruvate (II) was used as 
substrate instead of glucose (I). 

The retinae of four rabbits removed 1 hr after injection displayed much less 
respiratory activity than before, while the corresponding values for anaerobic 
lactate formation (IV) showed, with one exception (No. 497), a comparable 
degree of depression. In the one animal killed at 24 hrs, lactate formation 
had not declined much more but respiration (II) was further depressed to a 
value little more than a third of the normal. 
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When retinae were removed from four rabbits 5 min. after iodoacetate 
injection and separately incubated aerobically for 1 hr in iodoacetate- 
containing plasma that had been withdrawn simultaneously from the same 
animals, a more pronounced depression of both respiration and lactate 
formation was observed than when a saline medium was used, as above; 
this was presumably due to prolonged exposure of the tissue in vitro to 
iodoacetate at its initial plasma level. By comparison with appropriate 
controls (values for retinae of the same animals excised before injection), 
oxygen uptake was reduced by at least two-thirds (percentage depression 
values: 64, 76, 85, 88, mean 78) whilé aerobic lactate formation was reduced 
to a similar extent (percentage depression values: 73, 88, 86, 89, mean 84). 


Other Thiol Reagents.—Four of the rabbits on which measurements of 
retinal activity were made were killed exactly 1 hr after the administration 
of one of the thiol reagents mentioned. The fifth rabbit, which received 
phenacyl bromide, died 5 min. after injection and was studied immediately 
afterwards. 

None of the three animals that received phenacyl bromide, sodium 
p-chloromercuribenzoate, or aminohydroxyphenylarsine oxide gave values 
for retinal respiration or lactate formation that were outside the normal 
range. The two rabbits (Nos. 49, 51) that received ethyl iodoacetate gave 
normal values for lactate formation but respiration was somewhat low (for 
No. 49, [=235, I1=289; for No. 51, I1=296, II =270). 


Discussion 


The present studies will be considered under four headings: 


(1) SELECTIVE TOXICITY OF IODOACETATE FOR THE VISUAL CELLS 


Earlier authors (Noell, 1952, 1953a, 1953b; de Berardinis, 1953; Karli, 
1954) regarded the partial disappearance of the inner layers as a secondary 
effect of NaIA. Thus Noell (1953) stated that, in the rabbit, dosages higher 
than are needed to destroy most of the visual cells, may induce secondary 
atrophy of the inner layers, which develops only after large portions of the 
pigment epithelium have disappeared and retinal gliosis has ensued. Tansley 
(1955-6) noted briefly that she had confirmed Noell’s findings, but added 
that small doses of iodoacetate always affected the horizontal cells and 
their fibres before they affected the visual cells. 

In terms of iodoacetic acid, the dosage used in the present work (26 mg. 
per kg.) was little higher than that used by Noell (20 mg. per kg.) yet could 
produce within a few hours considerable necrosis, not only of the visual 
cells, but also of cells in the inner layers. Since the later may be affected 
even when many of the visual cell nuclei still appear normal (Fig. 2), it is 
unlikely that the primary degenerative effect of NalIA is strictly selective for 
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the visual cells, as hitherto believed. iodoacetate seems to interfere simul- 
taneously with vital activities of both inner and outer layers. 


(2) DEPRESSION OF GLYCOLYSIS AND RESPIRATION 


That NaIA depresses retinal glycolysis in vivo has seemed probable since 
Chinn and Noell (1951) reported that doses of 25 to 300 mg. neutralized iodo- 
acetic acid per kg. body weight could reduce the lactic acid content of the 
rabbit retina, removed 5 min. after injection, by 53 to 64 per cent. respectively 
of the control value. 

According to the unpublished work of Noell and Pawell, referred to by 
Noell (1955), the aerobic glycolysis (Q8?) of rabbit retina excised at various 
times after IAA injection (20 mg. per kg.) and incubated in vitro, was reduced 
by 78 per cent. at 30 min., 55 per cent. at 4 hrs, and 41 per cent. at 24 hrs. 
Such depression of glycolytic function is greater than that reported here 
(Table II), but the experimental conditions were not identical. However, in 
both investigations, glycolysis does show some tendency to revive with the 
passage of time after injection. Oxygen uptake, on the contrary, shows no 
sign of recovery after its initial depression. In the present work, values fell 
progressively and the fall was not reversed in any experiment during incuba- 
tion of the excised tissue in the saline medium, which contained only glucose 
or pyruvate but no JAA. Indeed, this slow irreversible impairment of 
respiratory function seems to be characteristic of NalIA toxicity; it is apparent 
also in Noell’s figures, though he does not discuss its significance. Brain 
slices treated with NaIA show a similar picture of progressive respiratory 
depression (Fuhrman and Field, 1943). 

In contrast to the sensitivity of the rabbit tissue, the intact rat retina seems 
to respond poorly. Kornblueth and Ben-Shlomo (1956), who studied rats 
that had received much larger doses (0:26 m. mole NalIA per kg.) 2 hrs 
before ocular excision, reported a depression of only 30 per cent. in the 
carbohydrate utilization of the incubated retina; the glucose utilization of 
the brain was unaffected. The difficulty the present authors have experi- 
enced in regularly inducing even a minimal lesion of the rat retina with 
intravenous NalA is probably related to this lesser metabolic response in 
vivo, for, when the rat tissue is studied in vitro, it is no less sensitive to the 
inhibitory and destructive effects of added NaIA than is that of the rabbit 
(Lucas and Newhouse, 1959). 


(3) MOpE OF INHIBITORY ACTION OF IODOACETATE 


The fact that interference with carbohydrate metabolism persists for several 
hours in the retina before histological signs of tissue damage become visible 
is of interest. To identify with certainty the precise mechanism responsible 
for this lethal change is no easy task with so versatile an inhibitor as iodo- 
acetate. Noell’s original hypothesis that it acts by exerting a simple selective 
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blocking action upon visual cell glycolysis has been questioned by Dische 
(1953, 1956) and Wald (1955), and the present work does little to confirm 
Noell’s view. That glycolysis is depressed very soon after injection is cer- 
tainly true. This effect may be responsible for the rapid extinction of the ERG 
response and the early appearance of pyknosis in the bipolar cells which 
lie in contact with the principal centre of lactic dehydrogenase activity (and 
presumably of glycolysis), the outer fibre layer. But in the visual cells such 
activity is relatively small, while that of the [AA-sensitive enzymes, malic and 
succinic dehydrogenases, is very high. The toxic effects of NaiA upon the 
retina are clearly not specific for a particular type of cell and there is no reason 
to expect them to be limited to a particular metabolic function, such as 
glycolysis, either (cf. Barron and Singer, 1945). Inhibition of dehydrogenases 
associated with respiration could therefore be an alternative cause of cellular 
damage, though not, of course, the only one, since other means of depressing 
respiration (anoxia, cyanide) are by themselves not outstandingly destructive 
to the visual cell layer. The photochemical activity of the latter seems to be 
associated with high oxidative activity. Acute interference with respiration, 
at a time when the residual glycolytic function is also impaired, may 
therefore have serious consequences upon the function and, later, upon the 
integrity of the visual cell. 


(4) INFLUENCE OF SYSTEMIC FACTORS 


The four other thiol reagents studied in this work exert greater inhibitory 
and destructive effects upon the isolated retina than does NaIA (Lucas and 
Newhouse, 1959). Thus sodium p-chloromercuribenzoate differs from NaIA 
in blocking rhodopsin synthesis (Wald and Brown, 1952). It rapidly 
inactivates the same thiol-dependent enzymes of carbohydrate metabolism 
(e.g. phosphoglyceraldehyde dehydrogenase) as does NalIA and several 
more besides. Though rather less effective against glycolysis, it is a more 
powerful inhibitor of respiration than is NaIA and, perhaps for this reason, 
it is more readily lethal when given parenterally. Yet, even when given at 
the same dosage, it fails to depress retinal glycolysis and respiration within 
an hour of injection, in the manner of NaIA. Similar remarks apply to the 
lacrimatory alkylating thiol reagents, phenacyl bromide, and.ethyl iodo- 
acetate, which, as enzyme poisons in vitro, are at least as active as NaIA 
in every respect (Mackworth, 1948), yet hardly seem to penetrate the retina 
of the intact animal in effective inhibitory quantity. : 


NalA has several distinctive characteristics: 


(a) It is a highly polar substance, the salt of a strong acid (contrast iodoacetamide 
and ethyl iodoacetate). 


(b) It reacts relatively slowly with thiol groupings (contrast p-chloromercuri- 
benzoate) and its inhibitory effects, e.g. on succinic dehydrogenase, are only slightly 
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reversed in the presence of thiol donors such as glutathione (Barron and Singer, 
1945). Its influence, both in plasma and in the retina, must therefore be difficult 


to counteract. 
(c) It inhibits retinal respiration at dosages low enough not to cause systemic 
collapse. 


It thus seems reasonable to suggest that the cytotoxic behaviour of this 
agent is not due simply to some specific affinity for visual cell metabolism, 
confined to iodoacetic acid among so many potent inhibitors, but that various 
extrinsic factors also play a part in the occurrence of the parenteral lesion. 


Summary 


(1) The retinae of adult rabbits were studied biochemically and histo- 
logically at various times between 5 min. and 24 hrs after intravenous 
injection of neutralized iodoacetic acid, NaIA (0-14 m. mole per kg.). 


(2) Within 5 min. of injection both respiration and glycolysis were 
independently depressed, particularly the former function, which did not 
recover within 24 hrs. 


(3) By 4 hrs, nuclear pyknosis was visible, not only in the visual cells but 
also in the bipolar cells and increased progressively in both layers thereafter. 
In one rabbit, the bipolar cells appeared to be affected earlier than the visual 
cells. 


(4) Four other thiol reagents were administered at the same dosage as 
NalA but had no comparable effects upon the biochemistry or histology of 
the retina during the first hour following injection, though they are known 
to be more cytotoxic than NalA to the retina in vitro. 


(5) The distinctive properties of NaIA among thiol reagents are discussed, 
including high anti-glycolytic action, moderate anti-respiratory action, low 
systemic toxicity, polarity and slow reaction with thiol donors. It is sug- 
gested that the singular retinal lesion produced by NaIA may be due partly 
to simultaneous depression of both phases of carbohydrate metabolism in a 
heterogeneous tissue and partly to extrinsic factors, such as low lethality 
and capacity to penetrate the blood-retinal barrier. 


We are indebted to Professor H. MclIlwain and Dr. O. A. Trowell for criticism of the present 
paper. Mrs. Doris Hatton, Miss June Hunter, Mrs. Toby Necci, and Miss Diana Tremain 
gave much valuable technical assistance. We are obliged to the Head of the Chemistry Section, 
Chemical Defence Experimental Establishment, Porton, for a gift of ethyl iodoacetate and to 
Messrs. Parke, Davis & Co. Ltd. for the organic arsenical used in this study. 
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EXPERIMENTS IN HUMAN VOLUNTEERS WITH 
ADENOVIRUS TYPE 8*+ 


BY 


YUKIHIKO MITSUI, LAVELLE HANNA, RYOJI MINODA, 
SHO OGATA, HIDEYO KURIHARA, RYOICHI OKAMURA, 
AND MASAKO MIURA 


Department of Ophthalmology, Kumamoto University Medical School, Kumamoto, 
Japan, and Department of Microbiology, University of California Medical School, 
San Francisco, California, U.S.A. 


IT is now well established that adenovirus type 8 is an aetiological agent of 
classical epidemic kerato-conjunctivitis (EKC) and perhaps the sole cause of 
that disease (Jawetz, Kimura, Hanna, Coleman, Thygeson, and Nicholas, 
1955; Jawetz, Thygeson, Hanna, Nicholas, and Kimura, 1957). The virus 
has been isolated from EKC in different parts of the world (Mitsui and 
Jawetz, 1957; Hanna, Jawetz, Mitsui, Thygeson, Kimura, and Nicholas, 
1957), and neutralizing antibodies to adenovirus type 8 develop regularly in 
the course of the illness (Jawetz, Thygeson, Hanna, Nicholas, and Kimura, 
1956). The virus has caused clinical EKC when inoculated into the eyes of 
susceptible human volunteers, but has failed to produce clinica) illness in 
the presence of type 8 serum antibody levels of 1:20 or greater (Mitsui, 
Hanabusa, Minoda, and Ogata, 1957). Vaccines of adenovirus type 3 give 
rise to specific neutralizing antibodies in man and protect against subsequent 
challenge with the homologous type (Heubner, Bell, Rowe,’ Ward, Suskind, 
Hartley, and Paffenbarger, 1955). The present study was undertaken to 
determine whether vaccination with adenovirus type 8 would induce specific 
antibodies and protect against subsequent challenge infection with either 
tissue-culture grown homologous virus, or infective material from typical 
cases of EKC. 
Materials and Methods 


Virus Strains.—Two strains of adenovirus type 8 were employed: “Ishi” isolated 
from a typical case of EKC in Japan, and “‘Trim”’, the prototype strain, isolated 
in 1954 in California. Viruses were grown in HeLa cell cultures in a maintenance 
medium consisting of mixture 199 with 10 per cent. chick serum, penicillin, and 
streptomycin. The same tissue culture system was also employed for the isolation 
of adenovirus type 8 from active cases of EKC. 

In addition to virus strains cultivated in vitro, conjunctival scrapings from 
active cases of EKC of less than 5 days’ duration served as a source of infective 
virus for challenge. Part of such EKC scrapings served as inoculum for vaccinated 
or unvaccinated volunteers while another part was inoculated into HeLa cell 
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tissue cultures for virus isolation. Acute and convalescent serum specimens were 
obtained from such EKC-donors to establish the diagnosis of adenovirus type 8 
infection, should virus isolation fail. 


Preparation of Vaccine.—Adenovirus type 8 was grown in tissue culture at 37°C. 
until cytopathogenic effects had progressed to + + ++ readings. The tubes 
were then kept at -8°C. for one week. After thawing, the fluid was centrifuged 
twice at 3,000 r.p.m. for 20 min. and each time the sediment was discarded. The 
undiluted supernate was tested for bacterial sterility by plating on blood agar and 
Sabouradud’s agar and was then used as vaccine without inactivation. The 
concentration of viable virus in the supernate varied from lot to lot but usually 


was from 80 to 320 TCD50/ml. when titrated in HeLa cell cultures. 


Serological Tests.—Blood was drawn from all volunteers before and after the 
course of vaccination and intervals after the challenge infection. The serum was 
separated and stored until all specimens from a given individual could be tested 
simultaneously. Neutralization tests were performed according to a method 
described in detail elsewhere (Jawetz and others, 1956). Some of the tests were 
performed at Kumamoto, others in San Francisco, with good agreement in results. 
The results are stated as the reciprocal of the highest serum dilution neutralizing 
about 50 TCD50 of virus. 


Vaccination of Volunteers.—After initial experiments indicated that the vaccine 
produced no ill effects (see results), each volunteer received on one, two, or three 
occasions at weekly intervals a total volume of 2 ml. vaccine. Of this amount, 
0-1 ml. was injected intracutaneously and the rest subcutaneously 10 minutes later. 


Challenge of Volunteers.—Volunteers were challenged for the first time from 


4.to 9 weeks after the first vaccine injection. The first infectious inoculum was 
introduced by simple instillation into the conjunctival sac. At that time virus 


grown in tissue culture and containing 80-320 TCDS50/ml. was used as challenge 
inoculum. If the volunteer remained well for 2 weeks after the initial challenge 


by instillation, tissue culture virus was again administered by swabbing the scari- 
fied conjunctiva. If there was still no clinical evidence of infection, the patient 


was re-challenged with fresh conjunctival scrapings from an early active case of 
EKC (see Virus Strains above). Because suitable fresh cases of EKC were not 
regularly available as donors, the interval between second and third challenges was 
variable (see Table I), All challenged volunteers were carefully observed for signs 
of conjunctivitis or keratitis for at least 2 weeks. Serum specimens were obtained 
from al} individuals, and re-isolation of virus was attempted in some cases ex- 
hibiting an ocular response to challenge. 


Results 
(1) Reactions to Injection of Viable Adenovirus Type 8 ‘‘Vaccine”’.—Before 
the beginning of volunteer studies, the vaccine was injected three times at 
weekly intervals into four of the present authors. Intradermal injection of 
0-1 ml. resulted only in transient erythema of skin at the injection site, which 
subsided rapidly. This reaction bore no relation to the presence or absence 
of serum antibodies, or of immunity to adenovirus type 8. The skin reaction 
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appeared to have no allergic component either to the virus or to a con- 
stituent of the tissue culture medium. In patients recently recovered from 
EKC there was likewise no evidence that intradermal injection of adenovirus 
8 can be employed as a test of past infection or of hypersensitivity or immunity 
to this agent. The subcutaneous injection of 1-9 ml. vaccine gave rise to no 
local reaction, and in spite of careful observation no systemic manifestation 
of active infection could be detected. 


(2) Antibody Response to Injection of Viable Adenovirus Type 8.—Serum 
antibody titres were measured in 42 persons after vaccine administration: 


Group 1.—29 volunteers received three vaccinations at one-week intervals 
(Nos. 1-29). They showed a definite antibody response. In 22 of the 29 vaccinees 
the pre-vaccination titre of specific neutralizing antibody was 10 or less (Nos. 1-22); 
they showed a 4-fold or greater rise in antibody titre, with the post-vaccination 
titre reaching 40-160. In seven of the 29 vaccinees the pre-vaccination antibody 
titre was 20 (Nos. 23-29); they showed a varying rise in antibody titre, reaching 
40-160. 

Group 2 and 2'.—Five volunteers received two vaccinations (Nos. 30-34). In 
four of them the pre-vaccination antibody titre was 10 or less (Nos. 30-33), and the 
post-vaccination titre reached 40-160. The fifth case (No. 34) had a pre-vaccina- 
tion antibody titre of 20 and a post-vaccination titre of 40. 

Three other volunteers, with pre-vaccination antibody titres of less than 10, also 
received two vaccinations but with a low-titre vaccine (Nos.-35-37). One of the 
three showed a definite antibody response (No. 35), but the others failed to show 
any antibody response (Nos. 36 and 37). 


Group 3.—Five volunteers received one vaccination (Nos. 38-42); In all of them 
the pre-vaccination antibody titre was 10 or less. Two of them showed an anti- 
body response, and the post-vaccination titre reached 20-40. The other three 
cases did not show a definite rise in antibody titre. 


Thus a total of 42 volunteers were vaccinated, and 37 of them showed a 
significant antibody response (Tables I and II). 


TABLE I 
ANTIBODY RESPONSE TO VACCINATION 























Antibody Response 
TC-Titre of Vaccine | No. of Vaccinations 

Present Absent Total 
3 29 (22)* 0 29 (22) 
80-320 2 5( 4) 0 5( 4 
1 2( 2) 3 (3) 5( 5) 
10 or Less 2 1( 1) 2 (2) 3( 3) 
Total 37 (29) 5 (5) 42 (34) 














* Numbers in parenthesis indicate the number of persons in whom the vaccination antibody 
titre was 10 or less. 
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Patient Neutralizing Antibody Titre Result of Challenges 
on Day after First Vaccination 
Grou No. of | Vaccine |—— 7 - - 
No Vaccina- | TCD 50 Tissue Culture Virus Material 
i tion 1. rl 
reve sy No. | Age| Sex | Day Titre | Day Titre | Day Titre Instillation| Swab Swab 
Day Result|Day Result|Day Result 
1|64| F/O <10] 41 42 (= m™— })11I9 — 
2} 61) F/O 10 | 56 56 — 2— 129 — 
3|23}M/0 10 | 52 >160 52 — 22 — 
4}29|M|0O <101 54 54 — eo =" Tit 
§|35| F\90 10 | 35 54 — 68 — 199 — 
6/17|M/0 <10/|50 1 50 — 155 — 
7|45|M/0 10 | 45 >160 50 — 97 — |247 — 
8/19|M]/0 <10| 67° 80 rs pee 36 — | 154 — 
9/49} F|}O0 <10)51 160 si — 1s60CU 
10) 23) Fj 0 10} 44 +80 4 — 6 — |1i41 — 
11|28}; F}O <10j 42 80 42 — 57 — {181 — 
12;26|M{|0 <10| 36 40 36 — 50 — 72 — 
13; 4; F|0 <10| 37 40 37 — 51 — |130 — 
Three at 69 — 
1 | One-week | 80-320 | 14] 32| M|0 <10] 46 160 99 — |113 — J153 — 
Intervals 15) 18) F}0O <10} 31 xu. m0 — 37 — 
16)}17}Mj]0 <10} 36 >160 37 — 58 — a _ 
17(5t| FO <10 | 44 >160 9 7 ened ey eens veer 7 Nasa 
18 | 61|M/0 10 80 34 — 97 — 
19{|29;| F/O <10/ 38 80 38 — 60 — 5 — 
20|16|M/0O <10} 33 80 33 + 60 — 92 — 
21)30}) F}0 <10) 65 40 65 — 9 — 
22} 32)}M)0 10 | 61 80 61 — 97* | 
23|35| FJo 20|36 80 46 un yf Ee BS” Sets 
24\|42|M{0 20 | 36 80 37 — 
25 | 30; F|0 20 | 53 160 644 — 208 — 
26|35| M0 20 | 50 80 50 — 62 — |239 — 
27|19|M/0 20|56 80 56 — “41 — 
28} 41) F|0 20) 41 160 422 — 5s — Me — 
29|37| F Jo 20' |: =) 40st S| 47 — ma Pi 
30|23;}M{0 <10/32 160 32 — 45 — “4 — 
31|17| F/0 <10 | 34 40 34 48 — 644«CS 
2 80-320 | 32 |52|}M/0O <10|30 40 30 — 45 — 61 — 
Two at 33 | 20} M|0 10 | 32 160 60 160) 32 } 65 — _-_ — 
Secu 34|22)M/0 20/33 40 33 — | 46 — | 6 — 
ieteryel 35|22}F]0 <10|34 80 ra 
mY 10 or § 97 
Less | 36|27| F {0 <10| 31 10 | 187(144) 20 | 37 tt 
37|12|}M|90 <10 | 28 10 68( 28) 80 28 
38 | 32} M0 10 | 29 40 2 — 43 — 1022 — 
39 | 30|M/0 10 | 31 20 31 — 455 — hii tae 
3 One 80-320 | 40 | 30; F {0 <10{ 29 10 | 65( 28)40 | 29 { 
41 8|}M/0 <10]} 30 10 bet 30) 80 30 
42 8; F/0 <10 | 29 10 86( 45) 40 29 
43 | 16) F|0 10 | 40 40 0 t 
44|61|M/0 <10]42 80 0 thy 
45|}18;/M/0O0 <10]} 46 80 0 
4 None 46}20| F|};0 <10| 34 80 0 it 
47|}17| F|0 10/43 160 0 
48 |}27|M;0 <10} 29 0 + 
49 | 27| F|0 20 | 44 20 = _ 
a 
* Challenged with adenovirus type 3. 
— = Negative. 


+} =Abortive or subacute conjunctivitis. 
+} =Acute follicular conjunctivitis without keratitis. 
}}} =Acute follicular conjunctivitis with typical keratitis. 
§ Figures in brackets = Number of days after onset of conjunctivitis. 
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(3) Response of Volunteers to Challenge Infection.—Five vaccinees who had 
a pre-vaccination antibody titre of 10 or less, and who did not show a definite 
antibody response to vaccination, became infected by the first challenge. 
The incubation period varied from 6 to 13 days. Two of the five volunteers 
(Nos. 36 and 37) developed an acute follicular conjunctivitis which was 
followed by a typical subepithelial punctate keratitis. Two others developed 
a similar conjunctivitis without keratitis (Nos. 40 and 41). The fifth de- 
veloped a subacute follicular conjunctivitis of shorter duration (No. 42). 
The five subjects exhibited a rise in specific neutralizing antibodies during 
their illnesses. In two of them re-isolation of the virus was tried after the 
onset of conjunctivitis and, from one of these, type 8 virus was recovered. 


37 vaccinees who showed a definite antibody response were completely 
or partially resistant to challenge infection. 29 of them had pre-vaccination 
antibody titres of 10 or less, but had developed antibody in response to 
vaccination. 26 of the 29 did not show any reaction to repeated challenges. 
The remaining three developed an abortive, subacute conjunctivitis of short 
duration and no keratitis (Nos. 20, 33, and 35). Among the 37 vaccinees 
showing an antibody response, eight had pre-vaccination antibody titres of 
20. 

Challenges did not cause any illness in these individuals. One of the 
vaccinated volunteers (No. 22) who showed a satisfactory antibody response 
to adenovirus type 8 was challenged with scrapings containing adenovirus 
type 3 from a typical patient with pharyngo-conjunctival fever. This individ- 
ual developed an acute follicular conjunctivitis with pre-auricular adenopathy, 
and a subsequent rise in antibody to adenovirus type 3; he had no keratitis 
or systemic symptoms. 

Thus a definite illness was induced by a challenge in four of the five 
vaccinees who lacked antibody, and an abortive illness was induced in the 
fifth. These five persons developed neutralizing antibodies during the ill- 
ness. No illness was induced by repeated challenges in 34 of the 37 vaccinees 
who possessed antibody; an abortive illness was induced in the remaining 
three (Table III, opposite). This resistance was type-specific. 

Two non-vaccinated volunteers who were inoculated with patient material 
(Nos. 43 and 44) had antibody titres of 10 or less before inoculation. Both 
developed an acute follicular conjunctivitis after 7 and 9 days’ incubation 
respectively, and in one of them a subepithelial punctate keratitis appeared. 
There was a definite rise in the specific neutralizing antibodies to adenovirus 
type 8 during the illness in both volunteers. 

Earlier results of inoculating non-vaccinated volunteers with TC-virus 
have been reported (Mitsui and others, 1957), and are listed here for the 
sake of comparison. Five volunteers were inoculated with TC-virus on to 
the conjunctiva. Four of the five had pre-inoculation antibody titres of 10 
or less. In all four, clinical EKC followed inoculation (Nos. 45-48), and in 
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TABLE III 
PROTECTION AGAINST CHALLENGE-INDUCED ILLNESS 





Number of Cases 


Abortive | Definite 
Illness Illness 





Volunteers 
Total 





With Definite 
Antibody Response. . 3 (3) 37 (29) 


Without Antibody 
Response... oss 1 (1) 5( 5) 


0 y 


eae 
Non-vaccinated Controlst B re 0 4 
Ceo, 0 1 


Vaccinees 




















* No illness by repeated challenges. 
+ Numbers in parentheses indicate the numbers of cases which had a pre-vaccination 
antibody titre of 10 or less. 
A: Pre-inoculation antibody titre 10 or less, challenged with patient material. 
B: Pre-inoculation antibody titre 10 or less, challenged with TC-virus. 
C: Pre-inoculation antibody titre 20, challenged with TC-virus. 


three of the four typical keratitis developed. The fifth volunteer had a pre- 
inoculation antibody titre of 20 (No. 49). In this case repeated inoculations 
did not cause any lesion in the eye. 


(4) Virus Isolation and Serological Results in Epidemic Kerato-Conjunctivitis 
(EKC) Patients serving as Donors for Challenge Inocula.—Virus isolation 


was attempted in eighteen patients with early EKC, and adenovirus type 8 
was recovered from twelve of them. Scrapings from these EKC donors 
had served as challenge inoculum for 23 volunteers. No other viruses 
were recovered in HeLa cell cultures from these donors. Satisfactory paired 
sera available in thirteen of these EKC donors all showed a significant rise 
in specific neutralizing antibodies to adenovirus type 8. 


Discussion 

The vaccine of adenovirus type 3 used by Huebner and others (1955) had 
a high infective titre of 300,000 TCD50/ml. In type 8 virus the infective 
titre is relatively low, rarely exceeding 300 TCDS0/ml. Nevertheless, the 
virus content of our vaccine was sufficient to produce antibodies which pro- 
tected against infection by the homologous virus. Another type 8 vaccine 
with an infective titre of 10 TCD50/ml. or less was not satisfactory. 

It is evident that three vaccinations one week apart cause a definite anti- 
body response; the post-vaccination antibody titre reaches 40 to 160. This 
titre is the same as that of convalescent serum of EKC patients. Two 
vaccinations at intervals of a week may also be adequate, but one vaccination 


is definitely insufficient. It may be assumed that specific neutralizing 
36 
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antibody in a titre of 10 or less does not prevent the illness. Antibody levels 
of 20 or more prevent the illness in most instances. 

Whereas the inoculation of humans with type 8 TC-virus has regularly 
caused clinical EKC in antibody-free volunteers, proper vaccination with 
type 8 virus regularly protected the volunteers. About 70-80 per cent. of 
the inoculations of volunteers with EKC patient material in Japan have 
shown a definite “take” (Aoki, 1941; Mitsui, 1948; Tanaka, 1957). A 
part of the negative results may have been due to an immunity, as demon- 
strated by Tanaka. Another part may have been due to a low concentration 
of infective virus in the inoculum. The largest concentration of virus in the 
eye occurs during the first few days of conjunctivitis. Subsequently the 
infective virus concentration diminished rapidly. Some of the failures of 
past transmission experiments may have been due to the use of late EKC 
cases as donors. 

In the present experiments, antibody-free volunteers contracted EKC after 
the ocular inoculation of either tissue-culture-grown virus or fresh EKC 
scrapings containing adenovirus type 8. Neither of these materials was 
able to produce disease in volunteers who had developed specific antibodies 
to adenovirus type 8 as a result of vaccination. This evidence lends addition- 
al weight to the belief that adenovirus type 8 is the aetiological agent of EKC. 
Our studies yielded no information concerning the possible need for trauma 
or coexisting herpetic infection for the development of EKC adenovirus 
type 8 infection, as suggested by others. Simple instillation of adenovirus 
type 8 (admittedly in the highest available infective concentration) sufficed 
as the sole demonstrable cause for the development of typical clinical EKC 
in our unprotected volunteers. It is becoming increasingly probable that 
adenovirus type 8 must be accepted as the principal, and perhaps the sole, 
aetiological agent in typical EKC. 

Other types of adenoviruses have been isolated from similar conditions. 
Tanaka (1958) obtained an adenovirus type 7 and Ormsby, Fowle, and Doane 
(1957) obtained types 7 and 3 from donors with clinically similar illnesses. 
However, the inoculation studies of Tanaka and Watanabe (1958) and 
Sugiura (personal communication) clearly show that the clinical picture of 
illness resulting from adenovirus type 7 instilled into the eye differs markedly 
from typical EKC: the incubation period is short, and keratitis, if present at 
all, is not typical of EKC. The eye lesions of adenovirus type 3 infection 
were studied by our group in detail during recent outbreaks. They differ 
markedly from typical EKC, as detailed in a separate communication 
(Mitsui, Hanna, Hanabusa, Minoda, Ogata, Kurihara, Okamura, and 


Miura, 1959). 
Summary and Conclusions 


(1) The inoculation of adenovirus type 8, either grown in tissue culture or 
contained in fresh scrapings from typical cases of epidemic kerato-con- 
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junctivitis (EKC), induced typical EKC in the humaneye. The subcutaneous 
inoculation of viable adenovirus type 8 had no clinically observable effect 
whatever. 


(2) Human volunteers vaccinated with two or three injections of viable 
adenovirus type 8 developed specific neutralizing antibodies to this virus 
and at the same time became resistant to ocular challenge inoculation with 
the agent. This immunity was strictly type-specific. 


(3) The experiments reported here strongly support the impression that 
adenovirus type 8 is the principal aetiological agent causing epidemic kerato- 
conjunctivitis in Japan. 


The authors wish to thank Drs E. Jawetz and P. Thygeson of the University of California for 
aid in the preparation of this manuscript. 
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FUNDUS APPEARANCES IN A CASE OF ACUTE 
DERMATOMYOSITIS* 


BY 


STEWART MUNRO 
London 


ALTHOUGH dermatomyositis has a vast literature, only four cases showing 
fundus complications have been reported since their initial description in 
three patients by Bruce (1938). 

This case is presented not only because of the rarity of reports of fundus 
changes, but also because it differs in some respects from those previously 
described both in the initial fundus appearances and in their later changes. 

O’Leary and Waisman (1940) reported forty cases, and finding no fundus 
changes in thirty of these, assumed it to be a rare complication. Sheard 
(1951) analysed 25 cases with no mention of fundus abnormalities. Wedg- 
wood, Cook, and Cohen (1953), in a special review of 26 cases in children 
tabulated clinical data with no reference to the state of the fundi. 

According to Hollenhorst and Henderson (1951), however, the ocular 
lesions of dermatomyositis, disseminated lupus erythematosus, and serum 
sickness are “entirely silent in the majority of cases”. .Walton and Adams 
(1958) found no fundus changes in any of their forty cases of “polymyositis”, 
but suggested that since the pupils were not dilated before examination the 
retinopathy may have been overlooked. One may therefore assume that 
retinopathies in the collagen group of diseases are perhaps less rare than 
reports suggest. 

This is the sixth report of fundus complications since Bruce’s original 
paper, the other communications being those of Lisman (1947), London 
(1950), Nutt (1951), and de Vries (1951). Successive fundus illustrations 
have been made of the case forming the subject of the present paper, which 
differs from those previously described mainly in the retinal arteriolar 
changes, and, with one exception, in the permanent damage which ensued. 

Dermatomyositis, one of the group of collagen diseases, may be acute or 
chronic in type, affecting striated muscle and involving the skin. There is a 
gradual onset with vague and indefinite prodromata followed clinically by 
multiple muscle inflammation oedema, and dermatitis. 

The acute form of the disease affects the proximal muscles, is usually 
accompanied by a skin eruption, and is self-limiting. The chronic, inevitably 
progressive type, also usually proximal without dermatitis, is characterized 
by advanced muscle wasting, contractures, tough leathery skin, and severe 





* Received for publication October 14, 1958. 
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joint changes. In these respects, it is (according to Adams, Denny-Brown, 
and Pearson, 1953) similar to chronic scleroderma. The incidence of acute 
dermatomyositis is higher in children than that of any other collagen disease, 
unless rheumatic fever be included, whilst mortality appears to be in the 
region of 40 to 50 per cent., with the highest incidence between the fourth 
and fifth decades. Involvement of the respiratory muscles is the main factor 
in a fatal outcome. 

Walton and Adams (1958) classified their forty cases into four groups: 

(1) Polymyositis (a) acute with myoglobinuria 

(b) subacute or chronic. 

(2) With muscular weakness the dominant feature, but with evidence of 
an associated collagen disease or dermatomyositis with severe muscular 
disability and minimal or transient skin changes. 

(3) Severe collagen disease with minimal muscle weakness, or dermatom- 
yositis with florid skin changes and minor muscular disability. 

(4) Dermatomyositis with malignant disease or carcinomatous myopathy. 

The Raynaud phenomenon occurred in Groups 2 and 3. 


The most common initial symptoms of acute dermatomyositis are muscular 
weakness and easy fatiguability. A gradual and insidious onset is par- 
ticularly common, although occasionally an abrupt febrile onset may occur. 

The muscles of the shoulder girdle are usually affected at first, soon followed 
by proximal muscle weakness in the lower extremities. The oedematous 
lids so characteristic of acute dermatomyositis have been attributed to in- 
volvement of the orbicularis oculi. Difficulty in swallowing and speaking 
indicate that the palatal, pharyngeal, and laryngeal muscles are affected. 
Exophthalmos, which was described by Heyn (1924), and “‘tenonitis” could 
be caused by involvement of the extra-ocular muscles. Dowling and 
Griffiths (1939) drew attention to a close association between dermatomyo- 
sitis, thyrotropic myopathy, and myasthenia gravis, in which he considered 
the muscle changes to be almost identical. Creatinuria he found com- 
mon to toxic goitre, dermatomyositis, and myasthenia gravis, while the 
calcium metabolism was disturbed in thyroid disease as well as in derma- 
tomyositis. Weak extra-ocular muscles are found in 10 per cent. of cases 
according to O’Leary and Waisman (1940). Nystagmus was-noted in the 
first case to be reported by Wagner (1863). 

Thoracic muscle weakness and diaphragmatic involvement also occur and 
may be indirectly the cause of death. 

Involvement of the skin of the face occurs early in the disease. Wedg- 
wood, Cook, and Cohen (1953) found this present in 23 out of 26 children 
in their special review. The characteristic lesion they observed was a viol- 
aceous rather than erythematous rash mainly peri-orbital but at times extend- 
ing to involve the bridge of the nose, malar areas, and upper lip. They suggest 
that the rash in dermatomyositis is more indurated and less pronounced 
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than the typical “butterfly” distribution of systemic lupus erythematosus. 
Peri-orbital oedema was considered to be the most common ocular 
lesion by Hollenhorst and Henderson (1951), and O’Leary and Waisman 
(1940) found this in 25 of the forty cases they reported. The rash may be 
transitory, affecting not only the face, but spreading rapidly to the trunk 
and legs. In the case reported here, the pressure areas were affected, 
requiring careful nursing. Desquamation is common, and petechiae and 
telangiectasis may be present, perhaps contributing to a “heliotrope” 
discolouration of the lids. Alopecia is not infrequent. Lesions of the 
mucosae are occasionally observed, and give rise to stomatitis, pharyngitis, 
and conjunctivitis. Finally, iritis has been reported by Lisman (1947) and 
the retinopathy, which in the experience of Hollenhorst and Henderson 
(1951) is a common ocular complication, was actually seen only in a small 
percentage of cases. 

Pathological changes occurring in the vessels show annular or localized 
fibrinoid degeneration of the arteriolar walls, particularly in the vessels 
supplying the muscles. Intimal thickening, with consequent narrowing of 


the lumen, and occasional thrombus formation occurs. Keil (1940) con- 
sidered the fundamental changes were in the vasculature with secondary 
involvement of the muscle parenchyma. Fahr (1921) spoke of a necrotizing 
arteriolitis, but Talbott and Moleres Ferrandis (1956) state that the 
characteristic necrotic changes of polyarteritis are not evident in dermato- 
myositis but that the appearances simulate those of thrombotic thrombo- 


cytopenic purpura. 
These vessels changes are not considered to be specific for dermatomyositis 


by Pagel, Woolf, and Asher (1949), and are thought to be absent in the sites 
of predilection for hypertensive arteriolar changes, e.g. in the kidneys, 
spleen, and pancreas. 

These observers also described muscle changes which were non-specific 
but occurred in trauma and in muscle subjected to various pathogenic stimuli. 

Vacuolation and shrinkage of muscle substance with altered staining 
affinity and loss of transverse striation is found, while empty sarcolemmellic 
sheaths filled with macrophages are also present. Early lesions showed 
extensive oedema of the sub-epithelial connective tissues and muscle bundles, 
with collections of polymorpho-nuclear leucocytes, mainly eosinophilic. 
At a later stage, foci of necrosis are surrounded by collections of lymphocytes 


and monocytes (Wedgwood, Cook, and Cohen, 1953). 


Case Report 


A 10-year-old boy was admitted to Guy’s Hospital under the care of Dr. R. C. Mac Keith 
in December, 1957, because of severe muscle weakness complicating a long-standing and 
puzzling succession of apparently unrelated symptoms. 

It was probably after a squint operation in February of that year that an unusual 
tachycardia which persisted for 3 months following an uncomplicated general anaesthetic 


was noticed. His health, which had always been good, now gave rise to anxiety, since 
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he continually complained of lethargy, sore throats, and bouts of low grade pyrexia, 
and was easily tired. Since several other boys at his school had similar symptoms, 
recurrent attacks of influenza were diagnosed, and it was not until later in the year when 
a succession of transient blotchy rashes appeared, associated with swelling of his face and 
neck, that the diagnosis was doubted. Severe stomatitis then developed, which was 
thought to be a mycotic infection progressing to cancrum oris. This new complication 
coupled with extension of the oedema to his shoulders, arms, and trunk created a new 
urgency and brought about his admission to Guy’s Hospital. 


Examination.—He was alert but prostrate, so weak that he was unable to sit up. A 
dry, scaling erythematous rash with fine telangiectasis and petechiae covered swollen lids 
and extended over the face in “butterfly” distributions (Fig. 1a). 


Fic. la.—Facies on admission, showing Fic. 1b.—31 December, 1959. 


swollen face and scaling erythematous 
skin condition with “butterfly”? distri- 


bution (20 December, 1957). 


Skin changes over the pressure areas were also present (Fig. 2a), with “pitting” 
oedema of the shoulders, arms, and trunk (Fig. 3, overleaf). 


Fic. 2.—Skin lesions of buttocks. 
(a) 20 December, 1957, (b) 31 December, 1957, 
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Fic. 3.—Oedema of arms and trunk (20 
December, 1957). 


The muscle weakness was greatest in the 
proximal muscles of the arms, the tendon reflexe:; 
all being absent. He also had a complete palatal 
paralysis. External ocular examination revealed 
nO conjunctivitis or anterior uveitis, and the 
mediae were clear. The eye movements were full 
and there was no proptosis. The visual acuity, 
however, was only counting fingers in each eye, 
whereas it had been 6/9 in the right eye and 6/18 
in the left with glasses in February of that year. 
Fundus examination revealed massive white 
exudates in both eyes, not only confluent in the 
macular regions to produce raised masses, but 
also scattered around the discs, being confined 
entirely to the posterior poles. The discs were 
normal, but the retinal arterioles showed marked 
attenuation with scattered “‘flame-shaped’”’ hae- 
morrhages along the superior temporal vessels 
and some scanty deeper haemorrhages. The 
veins were engorged and the retinae oedematous 


(Fig. 4). 





Fic. 4.—Fundus appearances (23 December, 1957). 


Routine investigations at this stage showed a slight leucocytosis, a normal erythrocyte 
sedimentation rate, and a slight trace of albumen in the urine. Apart from a slight sinus 


tachycardia an electrocardiogram was normal. The blood pressure was raised to 150/120. 


Diagnosis.—Dermatomyositis was diagnosed, and because thoracic. and diaphragmatic 


muscle involvement made breathing difficult he was transferred to the National Hospital, 
Queen Square, where there is a unit for the treatment of respiratory paralysis by inter- 


mittent positive pressure. 
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Treatment,—Prednisolone therapy was begun, tube feeding and hourly turning on a 
“ripple” mattress being continued, 


Laboratory Investigations.—The main abnormalities revealed were a reversal of the albumin- 
globulin ratio and a considerable creatinuria. 


Serum proteins 6-3 g. per cent. 

Albumin 2:2 g. per cent. 

Globulin 4-1 g. per cent. 

Urinary creatinine 460 _mg,/24 hrs. 

Urinary creatine 450 mg./24 hrs. 

Clearance 26-6 ml./min. 

Electrophoretic strip showed a relative increase in 
the alpha and delta globulins. 

Full blood count and differential showed no abnor- 
mality. 

Disseminated lupus erythematosus phenomenon 
was not demonstrated. 

Plasma electrolytes and cerebrospinal fluid were 
normal. 

Blocd urea, creatinine, and creatine were normal. 

Erythrocyte sedimentation rate 12 mm./hr. 

Throat swab showed Strept. viridans and sapro- 
phytic neisseria. 

X-ray examination of the chest revealed a slight 
consolidation in the right upper zone. 





Progress.—There was a gradual improvement Sa 
after treatment. The tachycardia disappeared, Fic. 5.—Alopecia (10 January, 1958). 
blood pressure fell to 130/90 within a few days 
and within a month of admission he was able to sit up with assistance, but alopecia 
appeared (Fig. 5). 


Examination of the fundi (Fig. 6) now revealed that many of the “‘soft”’ exudates had 
been replaced by “hard” exudates, and these were concentrated in the macular areas. 





Fic. 6.—Fundus appearances (16 January, 1958). 
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The arterioles remained markedly attenuated although the venous engorgement was 
reduced. The discs now showed temporal pallor and the visual acuity was recorded as 
3/60 in the right eye and 1/60 in the left with glasses. 

2. months after admission the patient was ambulant and was discharged for con- 
valescence. The fundi (Fig. 7) showed an increase in optic atrophy and hardening with 
reduction in the number of exudates. The arterioles were still spastic but the veins were 
now of normal calibre. 


Fic. 7.—Fundus appearances (14 February, 1958). 









Result.—When last examined 6 months after onset, he was well and attending school 
again. Apart from tiredness after walking any reasonable distance and some weakness 
in abduction of the left shoulder, he had little disability. The fundi at this stage (Fig. 
8) showed improvement in the calibre of the arterioles, but the maculae showed pigment- 
ary changes, and there was consecutive optic atrophy. 


Fic. 8.—Fundus appearances (June, 1958). 


The visual acuity was 6/60 in the right eye and 6/60 in the left with glasses +8 D.sph., 
+3 D.cyl., axis 90° | right, and +8 D.sph., +3-5 D.cyl., axis 80° | left. 
With a visual aid he could read N6 with the right eye and N10 with the left. 
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Discussion 


The clinical symptoms and features of this case are typical of the acute 
form of the disease, but the fundi differ from those previously described in 
several respects. 

Of the three patients reported by Bruce (1938), one of whom died, only one 
had a slightly raised blood pressure, and all showed normal arterioles with 
distended veins. Furthermore, after recovery, the fundus appearances 
returned to normal. The fatal case, however, showed an increasing forma- 
tion of exudate and haemorrhage. 

Pathological examination showed groups of globular bodies in the 


' thickened nerve fibre layer, which were thought to be swollen and varicose 


nerve fibres. Albuminous deposits occurred mainly in the outer plexiform 
layers, with a few haemorrhages in the inner plexiform and inner nuclear 
layers. 

Lisman (1947) also reported a fatal case in a man aged 53 in whom the 
fundus appearances were almost exactly the same as those described by 
Bruce, but were not at all static. New haemorrhages and exudates appeared 
as others were absorbed during the short period of observation. Patho- 
logical changes were identical and the vessels normal histologically and 
ophthalmoscopically. 

London (1950) described a case in a child of 54 years, in which the retino- 
pathy cleared up in 3 weeks after the patient’s recovery. The prodromata 
and clinical features of this case were similar to the case here reported. The 
blood pressure was slightly raised initially and fell to normal within a: few 
weeks. ‘ Fundus examinations showed transient small haemorrhages and 
white, fluffy exudates which, as in the case described by Lisman, were not 
static and finally disappeared altogether. ; 

De Vries (1951) described a fatal case in a woman aged 49, whose fundi 
bore little resemblance to the gross changes in the cases already described. 
Only a few scattered, soft exudates were present in the posterior poles of the 
fundi which overlay the vessels in some areas. There were no haemorrhages 
and the discs and vessels were normal. A pathological report described 
varicose or ganglion-like swellings in the nerve fibre layer and albuminous 
deposits separating the parallel nerve fibres. This case had a very high 
blood sedimentation rate and considerable creatinuria. 

Nutt (1951) reported the late fundus changes in a boy of 12, showing 
profuse retinal exudate giving the appearance of “snow banking” over the 
whole of the lower halves of both fundi. The discs and vessels were again 
normal. In this case residual pigmentary changes affecting the maculae and 
optic atrophy occurred. 

Garcin, Lapresle, Gruner, and Scherrer (1955) remark on the occurrence 
of floccular retinal exudates and small discrete haemorrhages which may 
disappear on the patient’s recovery. 
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It is of interest that the fundus changes reflect the progress of the disease 
and that an increase of exudation appears during the peak periods of 
toxaemia. In the present case, however, permanent changes have occurred 
following the acute phase of the retinopathy, which indicates that the visual 
prognosis may be poor in contradistinction to that in the patients reported 
by Bruce (1938) and London (1950), in whom the fundus appearances 
returned to normal on recovery. No reference to arteriolar involvement 
has been discovered in the literature of dermatomyositis but is reported to 
occur in systemic lupus erythematosus where embolic or post-inflammatory 
arteriolar occlusion may occur and peri-arteritis nodosa when hypertensive 
retinopathy is seen (Hollenhorst and Henderson, 1951). These writers point 
out that there is a close association between dermatomyositis and systemic 
lupus erythematosus and emphasize that the presence of fundus changes is 
important in differential diagnosis where acute rheumatism or atypical 
rheumatoid arthritis is suspected. London’s case was in fact diagnosed initi- 
ally as one of rheumatic fever. The initial diagnosis in the 26 children 
reviewed by Wedgwood, Cook, and Cohen (1953) was correct in only eight, 
the others being diagnosed as disseminated lupus (four cases), muscular dys- 
trophy (three cases), rheumatic fever (two cases), poliomyelitis (two cases), 
scleroderma (one case), and so on. The muscular weakness is invariably 
the primary dysfunction in dermatomyositis, but in systemic lupus erythem- 
atosus it is secondary to the systemic manifestations and less pronounced. 
The rash with the periorbital swelling is usually more violaceous in the 
former, and involvement of the extra-ocular muscles has not been reported 
in disseminated lupus erythematosus. Renal involvement is also found 
frequently in systemic lupus erythematosus but is absent. in dermatomyosi- 
tis. 

The fundus appearances in two cases of systemic lupus erythematosus 
described by Clifton and Greer (1955) are remarkably similar to those 
found in the present case, differing only in the arteriolar changes, which in 
their cases consisted only of a slightly heightened reflex without attenuation. 
The pathological changes were also similar, “cytoid bodies” being present 
in the distended nerve fibre layer. These “bodies” are the “varicose” 
swellings previously described. Clifton and Greer (1955) discuss their 
occurrence and pathogenesis most fully. 

I have also seen similar fundus changes in the late stage of a case of 
scleroderma which before the fatal outcome changed in the course of a few 
days to bilateral inferior exudative retinal detachments. 

The fundus changes of dermatomyositis are therefore not specific to the 
disease, nor are the pathological changes in the muscles. 

Creatinuria also has no specific diagnostic or prognostic value, occurring 
as it does in extreme functional disorders of skeletal musculature. The 
albumin-globulin ratio measured in fourteen of the 26 cases reported by 
Wedgwood, Cook, and Cohen (1953) showed no reversal of the normal 
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ratio. Two out of five cases reported by Kinney and Maher (1940) showed 
reversal of the ratio. Reversal is more common in systemic lupus erythema- 
tosus (Talbott and Ferrandis, 1954). 

Treatment with systemic ACTH and cortisone has been previously reported 
by Oppel, Coker, and Milhorat (1950), Sheard (1951), Simpson (1953), Clein 
(1953), and Lever and Haanes (1954). The last authors point out that 
there is a more rapid response to cortisone in systemic lupus erythematosus 
than in dermatomyositis, indicating an important difference in their 
pathogenesis. 

It is of interest that dermatomyositis is not considered to be a rare malady 
by Talbott and Moleres Ferrandis (1954), who rank it second to systemic 
lupus erythematosus in incidence among the unusual collagen dyscrasias. 


Summary 
(1) A case of dermatomyositis with fundus complications is described. 
(2) The unusual feature of this case is the presence of arteriolar spasm. 


(3) A close similarity of the fundus lesions to those seen in systemic lupus 
erythematosus and scleroderma is noted. 


(4) The fundus changes are compared with those seen in cases previously 
reported. 


My thanks are due to Dr. M. J. McArdle and Dr. R. C. Mac Keith of Guy’s Hospital for 
permission to publish this case and for kindly allowing me access to their records, and to Mr. 
Frank Law for his encouragement and advice. I am also indebted to Miss J. Trotman and 
Mr. E. R. Alexander for their fundus paintings. 

Photographs of the external clinical features were provided by the Photographic Department 
of the National Hospital for Nervous Diseases, Queen Square. 
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STUDIES ON DEVELOPING RETINAL VESSELS* 


VI. HISTOLOGICAL MEASUREMENT OF FLUORIDE-INDUCED 
SWELLING IN THE RETINA. 


BY 


CHRISTOPHER PEDLER 
Department of Pathology, Institute of Ophthalmology, University of London 


IT is now a firmly established experimental finding that the vessels of the 
immature retina specifically close as a result of raising the ambient oxygen 
concentration. Since this was first reported (Ashton, Ward, and Serpell, 
1953) subsequent research has been directed towards the elucidation of the 
underlying mechanism. Some progress has been made, and it has recently 
been reported (Ashton, Graymore, and Pedler, 1957) that when certain 
established enzyme inhibitors were injected through the vitreous of an 
immature animal on to the retinal surface, complete obliteration of the 
retinal vasculature occurred within a short space of time. This effect was 
studied in the living animal, using a direct observation technique (Ashton 
and Cook, 1954; Pedler, 1957), and on repetition was found to be consistent, 
not only in the time elapsing between injection and vaso-obliteration, but 
also in the order of closure of the vessels concerned. These experiments 
have led to the formulation of a working hypothesis that the vessel closure 
observed might be caused by external pressure resulting from swelling of 
surrounding retinal tissue. 

This possibility has been discussed (Ashton and others, 1957) and further 
work (Graymore, 1958) has provided some support for it by showing that 
when the isolated retina is incubated in solutions containing sodium fluoride 
a significant increase in Wet Weight : Dry Weight ratio takes place. It was 
thought possible that such an intake of fluid might result in an actual increase 
in thickness which would be measurable histologically. This paper reports 
the results of some experiments performed to investigate this possibility. 


Material and Methods 


Animals from which the eyes were removed for histological study were first 
anaesthetized with Nembutal, and then injected intravitreally with either 0-15 or 
0-2 ml. of an 0-61 per cent. solution of sodium fluoride, a concentration which was 
found to be isosmotic with the red cells of the animal and to have a pH of 7:1. 
After injection, the animals were left to survive for a known period and then killed 
under anaesthesia by intravital perfusion with Kolmer’s fluid. Thus the eyes were 
considered in pairs, one eye being injected, and the other acting as a control. 





* Received for publication October 10, 1958. 
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All material examined histologically was embedded in celloidin and sections cut 
—in the sagittal plane through the optic disc—at 10y; these were then stained with 
either Lieb’s phosphotungstic-acid haematoxylin or Anderson’s modification of 
Mallory’s phosphotungstic acid method. 

Where two eye sections were to be compared for measurements of retinal 
thickness, exactly similar staining methods and preparation were used, to prevent 
errors arising from differences in histological technique. 

To avoid observer bias and to provide a purely arbitrary location for measure- 
ments, the following method was employed: 

A perimeter chart was photographed and a series of reduced negatives made; these 


were then fixed over the sections to be measured (see Fig. 1) so that AB =BC, DB =BE, 
and the meridian AC passed through the centre point of the cornea and the optic disc. 
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Fic. 1.—Method of charting the meridians in which the retinal 
layers were measured. 


A second slide was then fixed over the first, and the combined image of the specimen and 
chart projected onto a flat screen at a standard distance and magnification. The individual 
retinal layers were then measured in sixteen separate places on each section, eight to the 
left (L1, L2, etc.), and eight to the right (R1, R2, etc.), using a centimetre scale super- 
imposed on the screen image. Mean values for each retinal layer were then worked out, 
and the results for each section expressed, first as a mean total thickness and secondly 
as a percentage of the total thickness made up by any one layer. The presentation of 
the results in this form minimizes sources of error due to differences between the eyes 
of the same animal and to errors, say, of magnification. In this way approximately 112 
measurements were made on each section and fifty sections were examined. If the 
perimeter chart line fell upon a zone showing obvious histological artefact, such as 
fragmentation or retinal folding, the whole set of readings from that position was 
omitted. 














re- 


se 
E, 


nd 
ial 
he 


it, 
lly 
of 
es 
12 
he 








STUDIES ON DEVELOPING RETINAL VESSELS VI 561 


Results 


Measurements using the perimeter chart method (with a normal eye as a 
control) were recorded as shown in Table I. This represents the total 
number of measurements taken from one slide (T. 39), the average values 
appearing on the bottom line. The last two columns show the observed 
total retinal thickness as measured on the screen (Total 1), and the calculated 
thickness which was obtained by adding together the observed thickness of 
the individual layers (Total 2). The object of this procedure was to provide 
some indication of the accuracy of the method, and it will be seen that on 
comparison of the two columns the agreement is in fact tolerably close. 


TABLE I 
MEASUREMENTS MADE ON*ONE SECTION FROM A NORMAL EYE 




















Inner Outer Total 
Stratum| Plexi- | Inner | pjexj- | Outer | Rods 
T 39 Opticum| form Nuclear! form Nuclear} and 
Layer | Layer | Layer | Layer | Cones 1 2 
1 3-50 2-00 1-50 1-25 2-75 1-50 12-25 12-50 
2 3-25 2-00 1-50 0-75 2°75 1-25 11-75 11-50 
3 4:25 2:25 1-25 1-00 2-75 1:50 | 13-00 13-00 
4 2-25 2:25 1-00 1-25 3-00 1-50 | 11-25 11-25 
Left 5 2:75 1-75 1:25 1-50 3-00 1-50 | 11:00 | 11-75 
6 1:50 2:00 1-25 1-25 3-00 1-50 | 10:50 | 10-50 
7 1:50 1:50 1-00 1-25 2-50 1-25 9-00 9-00 
8 1-00 1-00 0-75 1:00 1-50 1:00 6:00 6:25 
1 4:00 1-50 1:50 1-00 2:50 1-25 12:00 | 11:75 
2 1-75 1-50 1-00 1-00 2°75 1:00 9-00 9-00 
3 1-25 1:50 1-00 1-00 2°25 1-25 8-25 8-25 
Right 4 1:50 1-25 1-00 0-75 2:25 1-00 8-00 7°75 
5 2-00 1-50 0-75 0-50 2°50 1-25 7-50 8-50 
6 1-25 1-00 0-75 0-75 1-75 1-00 6°50 6°50 
7 1:00 0-75 0-50 0-75 2-00 0-75 5-50 5-75 
8 1:25 0-75 1-00 0-50 1-50 0-50 5-25 5-50 
Mean 2:13 1-53 1:06 0-97 2-42 1-19 9-17 9-30 





























Tables II to V (overleaf) are all constructed from mean values; thus each 
line of figures on these Tables denotes the mean values from one complete 
set of measurements as in Table I. 

Table II shows the mean results obtained from one experiment. In this, 
one eye of a 15-day-old kitten was injected intravitreally with 0-15 ml. of an 
0-61 per cent. solution of sodium fluoride. The animal was then allowed to 
survive for 60 minutes, and was finally killed by intravital fixation. T. 9, 11, 
14, 16 are the mean values of four sections from the control eye; T 10, 12, 13, 
15 are the values of four sections from the eye injected with fluoride. The 
last column on the right shows the proportion of the total retinal thickness 
made up by the stratum opticum (nerve fibres and ganglion cells) together 
with the inner plexiform layer. It will be seen that the retina treated with 
fluoride has undergone an overall increase in thickness.. This is perhaps 

37 








562 CHRISTOPHER PEDLER 





TABLE II 


MEAN VALUES FROM EYES OF A 15-DAY-OLD KITTEN KILLED 60 MIN. 
AFTER INJECTION 

















Inner Outer { 
» ) Inner - | Outer | Rods SO &IP 
Eye No. Sraen Plexi- Nuclear Plexi- Nuclear; and Total % 
Layer Layer | Cones 
Layer Layer Total 
T 9) 2-18 1-32 1-67 0-65 5-12 0-88 | 12-12 | 28-88 
Control Til; 2-25 1-41 1:96 0°46 555 045 |} 12:21 |} 29-98 
T14\ 2-10 1-35 1-57 0-65 5-28 0-82 | 11-77 | 29-31 
T16) 2:06 1-63 2:06 0-56 5:73 0-42 | 12:04 | 30-65 
— \ri0| 230 | 200 | 1-75 | oso | 401 | 141 | 12-98 | 33-13 
Treated with |T12/ 2:11 2:04 1:96 0:75 5:25 1:14 | 13-39 | 30-99 
Fluoride {T13| 2-02 2-39 1-73 0-98 5:09 1-61 { 13:77 | 32-03 
T15|) 2-07 2-45 1-79 0-98 5-02 1-46 | 13-75 | 32-87 





more readily seen in Fig. 2 (opposite), which compares two slides from Table 
Ii in block form. The ordinate scale is the thickness in centimetres as 
measured on the screen, and the individual retinal layers are indicated along 
the abscissa. This diagram shows that the increase is predominantly made up 
by the inner plexiform layer and the visual cells. This difference is significant 
(vide infra). 

Table III shows similar values obtained from the eye of an 8-day-old 
kitten, using the same dose of sodium fluoride, but with the difference that 
the animal survived for 105 minutes after injection. It is clear from the last 
column that the corrected difference between the eyes is greater than in the 
previous experiment. 


TABLE Ii 
MEAN VALUES FROM EYES OF AN 8-DAY-OLD KITTEN KILLED 105 MIN. 
AFTER INJECTION 

















Inner Outer SO &IP 
. Inner - { Outer | Rods 
Bye | No. |Statum Plan | wcckoat| See \Nackear| and | Tol | % 
Cones 
Layer | L@Y° | Layer | Layer Total 
{ 
/717) 1:66 |) 1:34 | 1:86 | 067 | 400 | 0-53 | 10-20 | 29-41 
PRLS T19| 1-59 1-44 1:77 0-64 4-05 0:63 | 10:27 | 29-50 
T21 1-60 1-23 1-80 0-58 4-13 0-50 9-90 28-59 
T22/ 1-48 1:27 1:78 0°65 3-92 0°62 | 10°00 | 27°50 
\y18) 1:73 | 250 | 1:93 | o«1 | 4-39 1-25 | 12-32 | 34-33 
Treated with |T20/ 2:17 2:25 2:03 0-63 4°64 1:39 | 12:89 } 34:29 
Fluoride |T23} 2-10 2-23 1-88 0-69 4-27 1-38 12-60 | 34-37 
T24} 2-02 2-13 1-88 0-54 4-61 1-36 | 12-45 | 33-33 








Fig. 3 (opposite) shows that the increase in thickness is most apparent in 
the inner layers; however, in this experiment, both the ganglion cells and 


the nerve fibres have contributed to the increase as well as the inner plexi- 
form layer. Again the rods and cones are significantly affected. 
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Fics 2-7.—Alteration in thickness of individual retinal layers after intravitreal injection of 
sodium fluoride (see Tables II—V). 


S.0. Stratum opticium O.P. Outer plexiform layer 
LP. Inner plexiform layer O.N. Outer nuclear layer 
I.N. Inner nuclear layer R.C. Rods and cones 


Table IV shows the results from the eyes of an adult cat, one eye having 


been injected with 0:3 ml. 0-61 per cent. sodium fluoride, the other eye 
being used as a control. 














TABLE IV 
MEAN VALUES FROM EYES OF ADULT CAT KILLED 60 MIN, AFTER INJECTION 
Inner Outer : SO & IP 
. Inner + / Quter | Rods 
Eye No. bosom Plexi- Nuclear Plexi- Nuclear| ‘and Total % 
Layer Layer Layer Layer | Cones Total 
Treated with |}T37| 2-07 1:21 0:98 0-89 2°41 1-64 9-29 | 35-31 
Fluoride |T38} 2:18 1:47 0:97 0-90 2-42 1°83 9-67 | 37:75 
Control T39) 2-13 1°53 106 | 0-97 | 2-42 1:19 | 9-17 | 39-91 
T40} 1-97 1:38 1:10 0:92 2:33 1-30 8:97 | 37-35 
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Fig. 4 represents the mean values from two of these sections, and it is 
clear from this diagram that very much smaller differences are present; in 
fact, with the exception of the visual cells, these were not significant (vide 
infra). 

In another experiment on an adult cat, three injections of 0-2 ml. 0-61 per 
cent. sodium fluoride were given, spread out over an [1-day survival period. 
The results from this experiment are shown in Table V and Fig. 5 and are 
included merely to show the limitations of the method employed, for there 
was such a widespread scatter throughout the measurements, that any 
comparison was, on inspection, impossible. The reason for this is that both 
long-term survival and multiple injections produce severe distortion and 
folding so that any consistency in measurement is lost. 


TABLE V 


MEAN VALUES FROM EYES OF ADULT CAT AFTER THREE INJECTIONS 
PREAD OVER AN 11-DAY SURVIVAL PERIOD 














Inner Outer SO & IP 

ti Inner so Outer Rods . 

Eye | No. |Qticum| form |Nuclar) ‘form |Nuclear} and | Total | % 
Layer | Layer | Layer | Layer Cones Total 

Treated with |T33| 3-47 1-34 1-22 1-22 3-06 1:16 | 11-69 | 41-14 
Fluoride |T34) 2°81 1:25 1°61 0-92 2-83 1-28 | 10-72 | 37-87 
Control T35| 2-87 1-78 1-10 1-07 2-83 1-82 | 11-50 | 40-43 
T 36; 1:90 1:50 1:19 0°85 2°32 1:58 9-46 | 35-94 
































These results suggested that the sodium fluoride was responsible for the 
observed retinal swelling; however, it was thought possible that the injection 
of any fluid into the vitreous might have the same result. This was tested 
on a 14-day-old animal which was allowed to survive for 105 minutes after 
the injection of one eye with 0-15 ml. normal saline, the other eye being used 
as acontrol. No significant* difference was observed between the two eyes 
either in the total retinal thickness or in the individual retinal layers (Fig. 
6). Finally, to establish that individual sections were representative of the 
whole eye, duplicate sections of a normal eye were compared, and no 
significant difference was noted (Fig. 7). 


Interpretation.—The results of these experiments show that, under certain 
conditions, intravitreal injection of isosmotic solutions of sodium fluoride 
can produce retinal swelling in the immature retina, and that this swelling 
is not seen in the adult. They also show that the inner layers of the retina, 
particularly the inner plexiform layer, are largely responsible for the overall 
increase in thickness and that, with the exception of the visual cells, the 
other layers are comparatively unaffected. 








* Where the term ‘‘significant” is used, it implies a calculated difference of more than three 
times the standard error of the difference between the means. 
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Recent histochemical analyses carried out in rats (Strominger and Lowry, 
1955; Lowry, Roberts, and Lewis, 1956) have indicated that the various cell 
strata of the retina may exhibit a preferential dependence upon different 
metabolic cycles. It would be tempting to correlate these results with the | 
differential changes in thickness observed in our own experiments. There 
probably is such a correlation to be made, but complicating factors such as 
species differences make exact comparison difficult at this stage. It is 
probably reasonable, however, to use this finding of selective swelling as an 
argument in favour of enzymatic inhibition as a basis for the action of sodium 
fluoride in these circumstances, since if it was acting in a purely physical 
manner one would expect the histological changes to decrease regularly from 
the inner surface outwards. 

It was previously reported (Ashton and others, 1957) that the same 
concentration of fluoride used to produce the swelling described above was 
capable of causing complete vaso-obliteration in the immature living retina. 
To incriminate swelling as the cause of the vessel closure, it is necessary to 
exclude changes in the vessel wall, which, in the immature retina, appears to 
consist only of a delicate endothelial tube lining a space in retinal tissue. 
In sections of retinae treated with sodium fluoride, it can be seen that, where 
there is visible accumulation of fluid within the retina, the walls of the 
collapsed vessels in the affected area show no other apparent change. 


Summary 


(1) A method is described whereby the thickness of retinal sections can 
be measured and the results compared quantitatively. 


(2) Experiments are reported wherein swelling of the inner layers of the 
immature retina occurred after the intravitreal injection of sodium fluoride. 


(3) Swelling was not seen in the inner layers of the mature fluoride- 
treated retina. 


Medical Research Council kindly made a grant towards the expenses entailed in this work. 
It is a pleasure to acknowledge the help and encouragement I have received from Professor 
N. Ashton. I should also like to thank Mr. G. Knight, Miss E. Robins, and Miss E. FitzGerald 
for their assistance. 
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TRANSIENT TRAUMATIC MYOPIA WITH HYPOTENSION* 


BY 


MAURICE H. LUNTZ 
St. Mary’s Hospital (Western Ophthalmic Hospital), London 


IT is well recognized that myopia is the commonest refractive change after 
trauma; however, the clinical syndrome in which myopia after trauma is 
associated with anterior chamber loss and hypotension in the absence of 
any other ocular pathology, although recognized, is rare. A few cases have 
been reported in the literature between 1870 and 1931, but none appears to 
have been described in Great Britain, apart from two cases published by 
Morgan (1940). In both Morgan’s cases the condition persisted for over a 
year and there was associated ocular damage (choroidal tears) so that they do 
not fall into the category defined above. It was felt that it would be of interest 
to publish this case report and at the same time to present a brief review and 
discussion of the literature, taking into consideration modern techniques 


and ideas. 


Case Report 


A married woman, 32 years of age, was seen in the out-patients department of this hospital 
on January 27, 1958, giving a history of having knocked her right eye on the handle of a 
door 2 days previously. Since then the eye had become swollen, movement was painful, 
and she had some binocular diplopia with diminution of right visual acuity, which was 
less than 6/60 with her own glasses (+0-5 D sph., +0-25 D. cyl., axis 90°). She was 
quite sure that she had seen normally with this eye before the accident. This was given 
added credence by the fact that her left eye was amblyopic (6/24) and had been so since 
childhood. The visual acuity was not improved with a mydriatic. 

There was, in addition, traumatic iritis with mydriasis, but this cleared within a few 
days. The lens was not dislocated nor oedematous nor altered in shape, yet the 
anterior chamber was very shallow. A careful search with the slit lamp did not reveal 
any corneal or scleral wound or aqueous leak. There was no abnormality in the fundus, 
and x-ray examination of the orbit showed no abnormality. 

She was refracted under a mydriatic and the visual acuity of the eye was improved to 
6/12 with -3 D sph. The tension in the right eye was 11 mm. Hg (Schi6étz) and in the 
left 20 mm. Hg. 

The patient was admitted to hospital for observation; 2 days later the ocular tension 
in the right eye was still 11 mm. Hg (Schi6tz) but the visual acuity had improved to 6/18 
unaided and 6/6 with — 1:5D sph. The anterior chamber had noticeably deepened. 
After 2 weeks the ocular tension was 20 mm. Hg in both eyes, the right anterior chamber 
had returned to normal, and the refraction of the right eye was 6/6 with +0-5 D sph., 
+0:75 D cyl., axis 120°. 

When she was seen again in June, 1958, there was no change. 





* Received for publication October, 20, 1958. 
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Discussion 

Interest in traumatic myopia as such was first aroused when Kugel (1870) 
reported the condition in two soldiers. Schiess-Gemuseus (1881) and 
Schmidt-Rimpler (1883) described cases which healed spontaneously. 

Knapp (1883) of New York described a case in a 29-year-old man with 
associated hypotension. Contusion to the eye had resulted in loss of the 
anterior chamber, hypotension, and myopia. The fundus was normal. The 
myopia took 8 days to recover and this was accompanied by re-formation of 
the anterior chamber. On the tenth day, an attack of acute glaucoma 
supervened, but responded to conservative treatment. 

Schiess-Gemuseus (1881) had assumed that the myopia was due to forward 
dislocation of the lens caused by stretching of the zonule as a result of 
the blow. Knapp disagreed and felt that in his case there was no question 
of the lens being dislocated. He postulated that the loss of the anterior 
chamber was due either to a very small scleral or limbal wound or to de- 
pression of the ciliary body secretion. He considered the myopia to be due 
to the loss of the anterior chamber which resulted in the lens moving forward. 

Fromaget (1911) described a similar case in a young woman. Here the 
myopia was 3-5 D sph. and the ocular tension soft (recorded as -—1°5). 
The lens was not dislocated and the fundus was normal. The anterior 
chamber was very shallow. A year later she had normal ocular tension, a 
normal anterior chamber, hypermetropia of 1-5 D sph., and paralysis of 
accommodation. Fromaget pointed out that the myopia was due neither 
to dislocation of the lens nor to spasm of the accommodation as this was 
paralysed. The accommodation was also paralysed in the cases reported 
by Schmidt-Rimpler (1883) and Bouchart (1901). Fromaget calculated 
mathematically (according to von Helmholtz’s theory) that a myopia of up 
to 4-6 D sph. is possible when the lens moves forward 3 mm. Here it is 
of interest that Bailey (1921) reported a case in which complete loss of the 
anterior chamber produced a myopia of 8 D sph. which disappeared as the 
chamber re-formed. Fromaget made a plea for accurate measurement of 
the refraction, the depth of the anterior chamber, and the corneal curvatures 
in future cases. He considered the aetiology of these cases to be “‘lack of 
formation of aqueous”’, and this theory was also supported by Grandclément 
(1922) who reported a similar case. 

Broens (1931) published another case in a young male, in which there was 
myopia of 2:5 D sph., hypotony, and shallow anterior chamber, but no sub- 
luxation of the lens. The myopia disappeared after 2 months when an 
attack of acute glaucoma supervened (as in Knapp’s case); the latter respon- 
ded to conservative treatment. 

Cases were described also by Guende (1900) and Bourgeois (1904), but 
here there was evidence of ocular derangement with grosser damage, and 
these are therefore excluded from this discussion. 





568 MAURICE H. LUNTZ 


The first real attempt at a classification of the cases of traumatic myopia 
described in the literature was made by Frenkel (1905), who collected 41 
cases and divided them into four aetiological groups. Of these only four 
had an associated hypotony, in seven the tension was increased, and in the 
rest it was normal. 


(i) Accommodative spasm. These had the best prognosis. 

(ii) Relaxation of the lens zonule. Here he postulated that the stretched lens 
zonule might recover in some cases and the condition resolve. Morgan (1940) 
maintained that all these cases showed iridodonesis. 

(iii) Subluxation or dislocation of the lens. Poor prognosis. 

(iv) Lengthening of the anterior-posterior diameter of the eyeball through post- 
traumatic inflammation of the posterior segment. Poor prognosis and very rare. 


This classification is widely accepted and its application to the type of 
case described here will be discussed later. 


Bouchart (1901) had attempted a classification into two groups which is of 
very limited value, except to point out that the presence of damage to the 
fundus means a poorer prognosis. 

(i) Cases with fundus lesions, of which he found seven in the literature. 


(ii) Cases without fundus lesions, of which he found fourteen. He thought 
eight of these were due to subluxation of the lens or spasm of accommodation, 


and the remaining six to “‘benign distension of the zonule’’. 


Bolotte (1934), Déjean and Guignot (1938), and Sourdille (1908) described 
cases of traumatic myopia which persisted indefinitely, and they explained 
this by invoking the theory of accommodation of Hudelo (1930), maintaining 
that there was paralysis of Brucke’s muscle. 

Fox (1942) collected 101 cases of traumatic myopia from the literature, 
and added two cases of his own, but both of these had gross ocular damage. 
He pointed out that very few cases had been described of traumatic myopia 
with hypotension, and he accepted Frenkel’s classification for most of them, 
except for the type of case described here which does not fit into any of 
Frenkel’s four groups. Fox considered that these cases were due to “in- 
hibition of aqueous formation”. 

The present case belongs to the broad group of traumatic myopia, the 
degree of severity of the injury representing a rare sub-group not mentioned 
in any of the classifications so far elaborated. A few cases described in 
the literature, however, have exactly the same features: trauma in a young 
patient, loss of anterior chamber, myopia of about 3 D sph., and hypotony, 
the prognosis for which is almost invariably good. However, Morgan (1940) 
reported two cases in which the recovery took 2 years, but in these fundal 
lesions were present (retinal oedema and choroidal tears). 

If we accept Frenkel’s classification, which is the best at present available, 





TRANSIENT TRAUMATIC MYOPIA WITH HYPOTENSION 569 


these cases would fall into a sub-group between his first and second, with a 
good prognosis. The aetiology remains unexplained, but speculation is 
permissible. It seems fairly certain, taking into account the evidence in our 
case and in those of Knapp, Fromaget, Brons, etc., that we are dealing not 
with anterior chamber loss caused by forward dislocation of the lens as a 
direct result of the trauma, but rather with a forward movement of the intact 
lens and zonule diaphragm secondary to loss of the anterior chamber. The 
possibility of a stretching of the zonule with subsequent recovery, which was 
suggested by Frenkel (Group 2 of his classification), Darier (1899), Bouchart 
(1901), and others, seems unlikely in the absence of iridodonesis or of a change 
in the shape of the lens on slit-lamp examination and in the absence of a 
cylindrical element in the refraction. The idea of such a “benign stretching 
of the zonule”’ which then recovers its previous “tone” appears unlikely in 
such a structure, which is so tough in the young and which breaks so easily 
when degenerate, as in hypermature cataracts. There is no clinical evidence 
that the zonule is capable of stretch except where it is weakened as in Mar- 
fan’s syndrome, and in such cases there is no recovery of “tone”. Finally, 
Wolff (1954) maintained that the zonule was inextensible and Vail (1957) 
that it was not elastic. Furthermore, this idea does not explain the hypo- 
tension, and thus for many reasons, seems improbable. 

The idea of a small scleral or limbal wound as suggested by Knapp is 
possible but unlikely, as we now have the advantage of the slit lamp with its 
high magnification and no such wound or leak could be detected. Further- 
more, Magitot (1917) showed that, in cases of small scleral rupture or 
intra-ocular foreign body, the resultant myopia is not due to scleral tears, 
the eye acting as though it had sustained a concussion injury. 

It would seem that Knapp’s alternative suggestion (i.e. a temporary par- 
alysis of the ciliary body secretion), corresponding to Fromaget’s and 
Grandclément’s “lack of formation of the aqueous” and Fox’s “inhibition 
of aqueous formation”’, is probably correct. Duke-Elder (1954) stresses the 
presence of a vasomotor instability following concussion injury to the globe. 
It is submitted that this is best explained by oedema of the ciliary body with 
paralysis of its function as a result of the contusion. Since it is the most 
vascular structure in the eye, only the framework being of loose connective 
tissue, oedema would most readily occur here resulting in narrowing of the 
ciliary ring. This would not only diminish the aqueous secretion and cause 
hypotension, but would also slacken the suspensory ligament (as in accom- 
modation, according to Fincham, 1939). At the same time the lens would 
be pushed forward and this would take up the “slack” of the suspensory 
ligament, so that there would be no alteration in the shape of the lens. 
As a result, the anterior chamber becomes shallow, and the lens moving 
forward causes hypotension and myopia. This supposition accords with 
present-day theory, and does not involve an elastic property for the zonule, 
which may or may not recover “tone”. 
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If this theory is applied to Frenkel’s classification, it appears that his 
second group of cases does not exist. This group contains cases in which 
ciliary body oedema has caused some “slack” in the zonule (but not a 
primary stretching), allowing the lens-zonule diaphragm to be pushed for- 
ward by the increased volume of the ciliary body behind it, the injury not 
having been severe enough to cause further ocular damage. The prognosis 
in such cases is good, the myopia and hypotension usually resolving within 
2 months. In cases previously included in this group which did not re- 
cover (and here there was nearly always considerable ocular damage noted 
especially in the fundus), rupture of the zonule with subluxation or dis- 
location of the lens was probably present, so that they should be placed in 
the third group where the prognosis is poor. Such cases were described 
before.routine slit-lamp examination was available; Bourgeois, for example, 
classed three cases in Frenkel’s Group 2 which did not resolve after a year; 
yet when iridectomy was performed (because of the shallow anterior cham- 
ber) vitreous presented as the chamber was opened. 


All this is pure surmise, but it would appear to be a more acceptable 
explanation than “benign stretching of the zonule”, which may or may not 
recover. 

Unfortunately we did not, in this case, measure the curvature of the 
corneal meridians, nor did we accurately measure the depth of the anterior 
chamber. If and when another case of this type presents itself it would be 
of interest to measure these and to correlate the result with the degree of 
myopia and its rate of recovery. It would also be of interest to measure the 
facility of aqueous outflow in view of the possibility that-acute glaucoma 
may supervene during the period of recovery. Here it is of interest to note 
that in one case reported by Bailey (1921) the lesion was the result of a deep 
corneal foreign body; Bailey felt that the myopia was due to a change in 
the corneal curvature rather than to anterior chamber loss. Accurate 
measurements of the anterior radius of curvature of the lens would also be 
valuable in assessing this theory of aetiology. 

Taking into consideration the points discussed above, it is suggested that 
Frenkel’s original classification of cases of traumatic myopia should be 
modified as follows: 

(i) Accommodative spasm. Good prognosis. 


(ii) Oedema of the ciliary body, usually associated with hypotony and loss of 
the anterior chamber. No other ocular damage. Good prognosis. 


(iii) Subluxation and dislocation of the lens with or without a perforating 
wound. There may be anterior chamber loss and hypotony with clinical evidence 
of dislocation of the lens. Poor prognosis. 

(iv) Lengthening of the anterior-posterior diameter of the globe. Poor prog- 
nosis. 
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Summary 


A case is described of transient traumatic myopia associated with anterior 
chamber loss and hypotension with a good prognosis. The literature is 
briefly reviewed and discussed, and a modification of the accepted classifica- 
tion is suggested. 


My thanks are due to Mr. R. MclIvor Paton, under whose care this patient is, for granting me 
permission to use the case notes and for encouraging me to publish this report. I also wish to 
thank the Board of Governors of St. Mary’s Hospital for access to the case notes. Finally my 
thanks are due for the assistance and co-operation extended to me by the staff of the library of 
the Institute of Ophthalmology, in particular to Miss Lynch. 
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BURIED MATTRESS SUTURE FOR CATARACT INCISIONS* 


BY 
CALBERT I. PHILLIPS 


From the Department of Ophthalmology, University of Bristol, 


and 


The Bristol Eye Hospital 


José I, BARRAQUER MONER (1957) has described in detail many possible 
variations of buried sutures in the section for cataract extractions, and 
another was mentioned by Joaquin Barraquer Moner (1956). These have 
numerous advantages, especially reduced post-operative discomfort. The 
modification to be described seems to produce better apposition of the edges 
of the wound, and places the knot behind the limbus so that there may be 


less tendency for it to work through the conjunctiva. 


Technique 


A very fine suture (Barraquer’s Spanish blue virgin silkk—5 strands, 15-:0— 
C, W. Dixey and Co.), seven inches long, is armed at each end with a 5-mm. 
Jameson Evans corneal needle (C. W. Dixey and Co.), or a 5-mm. No. 82 
Grieshaber needle (Theodore Hamblin). Probably 000 000 catgut could be 
substituted. With a von Graefe knife, a corneo-sclero-conjunctival section is made 
(Joaquin Barraquer, 1957). A narrow-bladed knife (Grieshaber) makes the [ast 
part of the section easier to perform: when the sharp edge of the knife has almost 
completed the section and cut through half the thickness of the limbus, or very 
slightly on the scleral side of the limbus, at 12 o’clock, it should be angulated 
posteriorly to leave a narrow fringe of sclera attached to the corneal side of the 
wound; the fringe extends from approximately 11.30 to 12.30 o’clock. The 
manoeuvre also facilitates the making of a good conjunctival flap with a base at 
least from 11 to 1 o’clock. 

A pair of fine forceps is used to grasp the fringe of sclera at 12 o'clock, the 
conjunctival flap having been reflected forwards. One needle is inserted close to 
the forceps’ end, just far enough beyond the edge of the fringe to obtain a firm 
hold. A new grip of the fringe is taken with the forceps so that the second needle 
can be inserted symmetrically at the other side of 12 o’clock. Then the two needles 
are passed through points on the scleral side of the section to correspond with 
those on the corneal side, loops being left out (Figure, opposite) to allow the 
cataract extraction to be done. 





_— 


* Received for publication November 13, 1958. 
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Ficure.—Diagram of a buried silk mattress suture inserted (2 is a magnified view of the region 


of the scleral fringe in 1) before extraction of the cataract: view isfrom above. A vertical section 
through the tied suture is shown in 3. 


So that any risk of buckling may be minimized, the antero-posterior limbs of the 
suture are inserted less than 1 mm. apart; for the same reason they may be placed 
slightly radially, i.e. so that their lines of direction, if produced antero-inferiorly, 
would meet at the centre of the cornea. 

After extraction of the cataract, the suture is tied and the flap replaced. There 
is no riding of the anterior lip of the wound over the posterior lip, which sometimes 
occurs with the more usual direct type of suture, because the forces exerted by the 
tied mattress suture tend to press together maximally a deeper part of this neces- 
sarily shelving section (Figure). The knot, sited well behind the limbus because 
the track of the sutures in the sclera is quite long, has not been found to work its 
way through the conjunctiva. 

Additional direct buried or unburied sutures may be added. In practice, it 
has been found advisable to insert additional sutures of the “‘direct”” buried type 
on two occasions only. The mattress suture has most value if the scleral fringe 
has a tongue-shaped extension at 3 o’clock. 
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BOOK REVIEWS 


Parsons’s Diseases of the Eye. 13th edition, by Sir Stewart Duke-Elder. 1959. Pp. viii 
+ 613, 22 col. pl., 459 text figs. Churchill, London. (50s.) 

In the 5 years that have elapsed between the publication of the twelfth and this, the 
thirteenth edition of this book, two events have occurred. One is an occasion for sorrow, 
the death of the author of its being, Sir John Parsons, to whom fitting tribute is paid by 
its current author, Sir Stewart Duke-Elder, in his preface; the other for rejoicing, the 
golden jubilee of its first publication in 1907. That it has passed: through thirteen 
editions in 52 years is indeed a compliment to the genius of its creator, a guarantee that 
it has kept abreast of the times and a more than sufficient advertisement of its continuing 
popularity and usefulness. 

Little more need be said. It is unnecessary to mention that this edition, which, 
avoiding flights of fancy and nebulous theory, incorporates all the consolidated advances 
of the past 5 years, lives up to the high standard of its predecessors. Although Parsons’s 
guiding spirit is no longer there his philosophy and meticulously high standards of 
accuracy still illuminate its pages and many will echo the wish that they may long continue 
so to do. 

One point deserves special mention. The publishers are to be warmly congratulated 
not only on the high standard of production—which we have come to expect of them— 
but even more on keeping the price of the book down to a figure which compares more 
than favourably with similar works of the same genre. At its cost and for its content it 
is a real bargain for those for whom it is intended, the senior student, the general 


practitioner, and the junior ophthalmic surgeon. 


The Vertebrate Visual System. By Stephen Polyak. 1957. Pp. 1390, 546 figs (27 col.). 
University of Chicago Press. ($45.00). 

Occasionally, but only rarely, does a really great book appear in scientific literature; 
into this small and select company comes Stephen Polyak’s “The Vertebrate Visual 
System”, a book which represents 30 years of unremitting labour by one whose life was 
dedicated to his work. The last decade of that life was clouded by ill health, overhung 
with the certainty of two alternatives—gradual blindness or sudden death. It may have 
been well that death came first, but it was indeed fortunate that its visit was delayed 
until the manuscript had been completed and the preface written. The entire scientific 
world—for the book is much more than sectional in its interest—is indebted to Heinrich 
Kliiver, Polyak’s colleague and close friend, for the 2 years he has devoted to seeing this 
immense achievement of 1,390 pages through the press; and excellently he has done it. 

The full title of the book gives some indication of its breadth and depth—‘The Verte- 
brate Visual System, its Origin, Structure and Function, and its Manifestations in Disease, 
with an Analysis of its Réle in the Life of Animals and in the Origin of Man, preceded 
by a Historical Review of Investigations of the Eye and of the Visual Pathways and 
Centres of the Brain”. The theme of the book is the structural basis of vision, its 
organization from the retina to the cerebral cortex, its evolution throughout the animal 
kingdom, and the influence which the development of the visual pathways has had on the 
evolution of man. 

Vision, what it is and how it happens, has constituted a mystery that has acted as a 
challenge to man from the beginning of documented civilization. The writings of the 
Greeks, the Romans, the Arabs, and the scholars of the Middle Ages dealt liberally with 
574 
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this subject, mostly, it is true, in a speculative manner. These and the cumulative and 
laborious researches of the masters of the last 150 years are summarized in the first part 
of the book. Nowhere is an assessment of this mass of literature to be found so complete 
and at the same time so interestingly written; and it is of immense value, not only because 
of the vast amount of historical material thus gathered or the interest of the multitude of 
annotated portraits of those who contributed to this subject, but because the student can 
only reach a proper perspective of the immensity of the subject through an understanding 
of the struggles of the past. This story of the development of physiological optics and 
neuro-anatomy makes fascinating reading, and none was more competent to present it 
than Polyak with his wide knowledge of classical and Arabic literature and his capacity of 
critical assessment. 

The second part of the volume deals with the anatomy of the human retina and the 
visual pathways and centres. It thus forms a second edition to Polyak’s previous books 
on The Retina (1941) and The Main Afferent Fibre Systems of the Cerebral Cortex in 
Primates (1932), and adds to these a study of the neuro-anatomy of the cortical visual 
centres and their neuronal associations, and a discussion of their probable functions as 
well as a description of the blood supply of the visual system and its physiological and 
pathological implications. 

No assessment of the topography of the anatomical organization of the visual system 
could be complete without taking into account the pathological effect of localized lesions, 
for therefrom much of the functional anatomy of this complex system has been learned, 
and it is only fitting that the third part of this book is concerned with a detailed study of 
the clinical evidences, particularly as they affect the visual fields, of the many pathological 
conditions that may determine disturbances of vision. 

The final and fourth part is occupied by the ontogenetic and phylogenetic development 
of the vertebrate eye and terminates with a philosophical discussion of the role of vision 
in the origin of man. 

Such is the scope of the book, completed by a bibliography of the entire subject, which 
in itself represents a labour of years, occupying 300 pages and containing approximately 
10,000 references—a unique and extraordinarily useful compilation of the literature on 
the structure and function of the visual pathways embracing all the ages and all nations. 
There is no attempt to pass on ignorance of past work for originality. 

It seems to the reviewer that this book of Polyak will probably serve as a historical 
landmark. It takes within its compass the speculations of the ancient world, the gross 
anatomy of the mediaeval world, and the histology of the modern world, culminating in 
the beautiful and laborious researches which constituted the author’s life work. Here 
the epoch ends. The successor to Polyak will describe neuro-anatomy in terms of the 
new world being brought into our ken by the electron-microscope. This has already 
started, and some months ago the population of nerve fibres in the optic nerve of the 
frog has been multiplied by a factor of 30; a whole multitude of fibres hitherto invisible, 
vastly exceeding the number detectable by the ordinary microscope, must necessitate a 
complete reassessment of our ideas. At the same time from the functional point of view 
physiologists are now busying themselves with the direct exploration of the visual stations 
and pathways by direct electrical methods. It is good that we have this classical com- 
pendium of the knowledge of the past and present to form a sturdy springboard before we 
take an immense leap into the unknown which will precipitate us we know not whither. 


Antibiotics and Chemotherapeutics (Antibiotica et Chemotherapia). Vol. 6. Advances. 
Ed. O. Gsell. 1959. Pp. 530, 60 tables, 23 figs. Karger, Basel and New York. 
(Swiss frs: 83.) 

This book, which forms the sixth volume of a series published on the antibiotics and 
chemotherapeutic drugs, contains a long chapter by Jules Francois and M. T. van Leuven 
on the experimental and clinical work which has been carried out with these therapeutic 
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agents in their application to diseases of the eye. A detailed account is given of the 
methods of administration (systemic and topical), the mode of action, the dosage, and 
the use in clinical practice in infective diseases of the ocular adnexa and of the outer and 
inner eye. Their use in general diseases such as tuberculosis and syphilis with ocular 
manifestations is also considered as also their applications in ophthalmic surgery. The 
subject is discussed in great detail and the bibliography is extensive. 


Spectacle Lens Materials. (British Standard 3062: 1959.) 1959. Pp. 8. British 
Standards Institution, London. (3s.) 

Work done to a British Standard implies a quality, whether of materials, workmanship, 
or both, with which the discerning user can be sure of satisfaction. 

B.S.2738 “‘Spectacle Lenses” (Brit. J. Ophthal., 40, 611) defined the finished lens or 
lenses, in the frame and on the wearer’s face. The new publication, B.S.3062 “Spectacle 
Lens Materials’’, defines certain physical characters of acceptable glasses and plastic 
materials for ophthalmic lenses. Limits are set for refractive index (after specified 
annealing or conditioning), for constringence (where appropriate), for colour of white 
and tinted materials, and for freedom from defects. 

The implications of this new British Standard are primarily of interest to manufacturers, 
but it must also in the long run benefit the user of lenses, and it is welcome as another 
instalment of the projected standard covering all aspects of spectacles. 


Blaskovicz-Kreiker Eye Surgery. (Eingriffe am Auge.) 3rd edition, 1959. By A. 
Kettesy. Pp. 468, 752 figs. Enke, Stuttgart. (D.M. 55.) 

The third edition of this Hungarian text-book on ophthalmic surgery, which was first 
written in 1938 by Blaskovicz, has now appeared under the authorship of Kettesy of 
Debrecen. The book conforms to the usual pattern of short manuals on this subject. 
After a general section dealing with the peculiarities of eye surgery and the instruments 


generally employed, the subsequent chapters deal with the surgery of the lids, the lacrimal 
apparatus, the conjunctiva, and the various structures of the inner eye, the ocular muscles, 
and the orbit, and finally of injuries. 


NOTES 


INSTITUTE OF OPHTHALMOLOGICAL DOCUMENTATION 


This Institute, organized by the French Society of Ophthalmology and the Faculty of 
Medicine of Paris, was opened in March, 1959, in the premises of the former Faculty of 
Medicine, 12 Rue de l’Ecole de Médecine (Staircase “A”, Ist floor). 

The Institute is open to physicians and medical students interested in ophthalmology, 
and the visiting hours are from 9.30 a.m. to 12 noon and 2 to 6 p.m. from Monday to 
Friday, and 9.30 a.m. to 12 noon on Saturday. 

Among the various works are collections of French: and foreign periodicals and 
ophthalmological books, many of which are very old or not to be found elsewhere. Those 
not living in Paris may obtain microfilms from the Faculty. 
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COMMUNICATIONS 


PATHOLOGICAL EXAMINATION OF A HUMAN EYE 
CONTAINING AN a pron CHAMBER ACRYLIC 
LANT 


BY 
N. ASHTON anp D. P. CHOYCE 


Department of Pathology, Institute of Ophthalmology, University of London, and Southend General 
Hospital, Essex 


ACRYLIC lenses were first inserted into human eyes by Harold Ridley in 1950 
to correct the visual defect in cases of aphakia, and the lens was implanted 
behind the iris in front of an intact posterior lens capsule at the time of the 
extracapsular extraction. The Ridley operation has since been repeated 
some hundreds of times and clinical reports have been published in many 
different countries, but there are only four contributions, representing 
examinations of eleven eyes, on the pathology of human eyes containing 
acrylic lenses. Redmond Smith (1956) described nine of these, Theobald 
(1953) had previously reported on one of the cases in Redmond Smith’s 
series, and Rintelen and Saubermann (1956) and Frangois, Rabaey, and 
Evens (1956) each described a single eye. In every case there was an inflam- 
matory reaction of varying intensity, which Theobald (1953) and Frangois 
and others (1956) attributed to the acrylic material itself, whereas Redmond 
Smith, who found no relationship between the extent of the fibrous reaction 
and the time the lens had remained in the eye, would rather incriminate the 
Cetrimide antiseptic in which the acrylic was sterilized. In no case was there 
any evidence of a sympathetic uveitis. 

In an attempt to overcome some of the disadvantages of the Ridley 
operation, the anterior chamber implant was devised by Strampelli (1953, 
1954) and later by Schreck (1955) and Scharf (1955). Various patterns of 
lens have been designed, including a recent one by Ridley (1957), but they all 
have a refracting surface centred over the pupil while the extremities rest in 
the angles of the anterior chamber to act as supports. - Theoretically the 
lens should not be in contact with the corneal endothelium or with the main 
body of the iris. 

Although it has been shown that acrylic lenses are well tolerated in the 
anterior chambers of rabbits (Fedrizzi, 1955, and Poli and Romagnoli, 1955) 
the findings of King and Skeehan (1957), who introduced acrylic lenticuli into 
the anterior chamber of two monkeys and three cats, are less reassuring. 
Severe iritis occurred clinically in only one animal, but all showed histological 
evidence of mild iritis and cyclitis. It would therefore seem of particular 
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interest to know what pathological changes may be found in a human eye 
containing an anterior chamber implant, and to compare them with those 
reported in the Ridley operation. The following account is the first such 


report in the literature. 


Case Report 


A man aged 73 was first seen in 1956 complaining of poor sight in the left eye. The 
visual acuity was perception of light only with accurate projection, and there was a 
mature senile cataract. The right eye was healthy in all respects with 6/6 visual acuity. 
In March, 1957, the cataract was extracted by a simple extra-capsular operation and 
recovery and convalescence were uneventful; 6 weeks later the visual acuity was 6/6 with 
a 12 D.sph. 

The patient was considered to be a suitable subject for an anterior chamber implant 
and in June, 1957, a 13-mm. Strampelli type implant (sterilized in Cetavlon) was inserted 
horizontally, twin peripheral iridectomies being performed at 2 and 4 o’clock. The 
incision was made from 5 to 1 o’clock, with a von Graefe’s knife, 1 mm. on the corneal 
side of the limbus; its upper half overlapped the previous cataract incision and was 1 mm. 
anterior to it. One suture was used to close the corneal incision; 3 days later this was 
removed and at the same time a routine subconjunctival injection of 10 mg. cortisone 
acetate was given. On the fifth post-operative day the patient was discharged from 
hospital and instructed to apply 1 per cent. oculentum cortisone to the lower fornix ence 
daily. 

The eye was almost white 6 weeks after the insertion of the implant and the unaided 
visual acuity was 6/24. Most patients with this standard of vision at this stage achieve 
a final acuity of 6/6 or better, sometimes with a small cylindrical correction (Choyce, 1958). 
However, despite this satisfactory progress, 2 days after his last attendance at the out- 
patient’s clinic he committed suicide. His wife, who found him’dead at the bottom of 
their garden with his throat cut, said that he had not been able to sleep, had felt his 
memory going, and was afraid of losing his sanity. His suicidéwas unconnected with 


the eye operation. 
Permission was given for the eye to be removed and this was done 6 hours after death. 


Pathological Examination 


Macroscopical Examination.—The left eye showed a limbal operation 
wound at 12 o’clock, and a diagonally-placed acrylic implant in the anterior 
chamber lying with its long axis passing from the nasal side at 8 o’clock to 
the temporal side at 2 o’clock. The globe was opened obliquely along this 
axis in order to show the implant in situ; it appeared to be fitting closely into 
the angles with no obvious inflammatory reaction. At no point anteriorly 
was it in contact with the corneal endothelium and posteriorly it arched 
away from the main body of the iris. Two peripheral iridectomies could be 
seen, one being occluded by a plaque of lens material behind the iris. The 
remainder of the eye appeared normal. The acrylic implant was then 
removed and celloidin sections of the eye prepared. 


Microscopical Examination.—A chronic inflammatory reaction was present 
at the limbus and three healed perforating wounds passed obliquely through 
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the periphery of the cornea, two on the temporal side of the cornea and one 
on the nasal side; at the inner aspect of one of these wounds the cornea was 
denuded of Descemet’s membrane and covefed only by endothelium (Figs 1 


and 2). 


Fic. 1 —Anterior segment, ‘showing comeo-iridic angles distosted to form cups of atrophic 
tissue extending outwards and backwards into the ciliary body. Lens remnants are seen 
behind the iris. Haematoxylin and eosin. x7-5 


‘ 
Fic. 2.—Cornea, showing absence of Descemet’s membrane on inner 
aspect of a healed operation wound (cf. Fig. 4). Periodic acid-Schiff 
stain. x48. 


Schlemm’s canal and the uveoscleral meshwork appeared perfectly 
healthy; the filtration angles were widely patent, and on both sides the root 
of the iris had been pushed backwards and lay adjacent and adherent to the 
ciliary body. On both sides the implant had considerably distorted the 
tissues of the corneo-iridic angles to form cups of compressed atrophic tissue 
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extending outwards and backwards into the ciliary body (Fig. 1). Within 
this boundary tissue there was a very mild chronic inflammatory infiltration 
consisting of lymphocytes, pldsma cells, a few plasmacytoid cells, and a 
delicate fibrous reaction. No eosinophils or giant cells could be seen. On 
the temporal side a folded strip of Descemet’s membrane lay buried in the 
tissues of the iris root. On both sides the ciliary muscle was stretched and 
atrophic in the angle region and had broken away from the attachments at 
the scleral spur. Although this must have been due to artefact occurring 
during the processing of the specimen, it is an unusual finding with our 
technique and would appear to indicate an undue weakness of, or tension 
within, the muscle at these points (Figs 3, 4, and 5, opposite). 

Posterior synechiae to the ring remnants of the cataractous lens were 
present and in some sections lens material could be seen astride and posterior 
to an iridectomy wound. A few inflammatory cells were scattered through- 
out the anterior vitreous. The macular region showed a marked degree of 
oedema with cystic spaces containing fibrinous exudate in the outer molecular 
layer (Fig. 6, overleaf). The eye showed no other significant histological 
abnormality. 





Discussion 
The presence of a large foreign body of this nature in the anterior chamber 
raises a number of questions as to its possible influence on the eye, and the 
more important of these will now be considered in relation to our findings. 


(1) Damage to Corneal Endothelium.—Sections of the cornea in this case 
show clearly that trauma occurring at the time of operation is not incon- 
siderable. A portion of Descemet’s membrane was detached from the 
posterior surface of the cornea and found buried in the tissue of the angle of 
the anterior chamber. Clearly if this trauma is excessive a severe endothelial 
dystrophy could be precipitated ; the surgical technique should, therefore, be 
as gentle as possible. Only the finest corneal forceps, needles, and suture 
material should be used, and only one suture should be inserted. A pre- 
existing endothelial dystrophy would almost certainly be aggravated by an 
acrylic implant and would: be a contraindication to the operation. With 
regard to endothelial injury occurring after the operation, the sections showed 
that the implant was nowhere in direct contact with the endothelium, 
and there would therefore seem to be no reason why a dystrophy should 
occur if the implant has been properly inserted. Nevertheless, patients 
should be warned to be careful, as when washing the face, that they do not 
' press unduly on the eyes as this might bring the endothelium in contact with 
the acrylic implant, and in time cause an endothelial dystrophy. This is 
unlikely to occur, however, since measurement of the maximum clearance 
between the posterior surface of the cornea and the anterior surface of the 
implant (as estimated in vivo with the special measuring device fitted to the 
Zeiss Opton corneal microscope) discloses an average of 1-5 to 2 mm. 
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Fic. 4.—High-power view of 
angle on temporal side, showing 
a strip of Descemet’s membrane 
buried in the tissues of the iris 
root (cf. Fig. 2). Periodic acid- 
Schiff and haematoxylin. 72. 





Fic. 3.—Distorted angle, showing 
backward displacement of iris 
and ciliary body which are ad- 
herent to each other. Splitting 
and detachment of the ciliary 
muscle may be due to artefact. 
The structures in this region are 
atrophic. Haematoxylin and 
eosin. x32. 





Fic. 5.—Angle tissue, showing 
mildness of inflammatory and 
fibroblastic reaction. Haemato- 
xylin and eosin. x 108. 
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Fic. 6.—Macular region, show- 
ing marked oedema with cyst 
formation. Haematoxylin and 
eosin. x55 


(2) Mechanical Displacement of the Implant.—Sections of the angle show 
clearly that the iris root is distorted and atrophic, while the anterior attach- 
ment of the ciliary muscle appears attenuated and weakened, and we there- 
fore consider it possible that after slight trauma a fracture of the iris root 
may take place, leading to a posterior dislocation of the foot of the implant 
or, alternatively, a localized cyclodialysis may occur, with displacement of 
the implant towards the supra-choroidal space. It is to be remembered 
that the atrophy in this case had taken only 6 weeks to develop, so that the 
above complications might have become even more serious hazards as time 
went on. On the other hand, both Choyce (1958) and Ferguson (1958) have 
reported cases in which eyes containing anterior chamber implants were 
subjected to further trauma at a later date. In Choyce’s case, a boy was hit 
in the affected eye 16 months after the insertion of the implant; once the 
hyphaema had absorbed it was noticed that the implant had rotated about 
60° round an antero-posterior axis, like the blade of a propeller. Ferguson’s 
patient was struck in the eye by a fist. In neither of these cases was the 
implant luxated posteriorly. Clearly this stretching and atrophy of the 
structures of the angle might be lessened if the thickness of the haptic portion 
of the implant could be reduced, and the manufacturers of these implants 
(Rayners Optical Company) have already been requested to reduce the 
thickness from 0-91 to 0-5 mm. 


(3) Inflammatory Sequelae.—The inflammatory reaction in the eye under 
consideration was surprisingly mild and was practically confined to the iris 
root in contact with the acrylic implant, but even here there were no eosino- 
phils or giant cells as in the cases reported by Redmond Smith (1956). Nor 
was there a fibrous reaction of the intensity seen with the Ridley implant. 
It has to be remembered, of course, that the cortisone ointment probably 
subdued inflammatory reactivity to some extent, and this mild inflammatory 
picture may therefore be misleading. In fact, according to Forgas (1957), 
iridocyclitis and hypertension have already been encountered in these cases. 
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Glaucoma secondary to anterior uveitis would therefore appear to be a 
possible complication, but there is little reason to suppose that sympathetic 
ophthalmitis could occur. 


(4) Obstruction to Aqueous Outflow.—No evidence was found that glau- 
coma may be expected from angle blockage through direct occlusion by the 
implant, nor from progressive fibrosis of the uveo-scleral meshwork through 
its irritant action, although the implant had hardly been in situ long enough 
to exclude the latter possibility. 


(5) Macular Oedema.—The marked degree of macular oedema found in 
this case was unexpected; this is a well-recognized complication of cataract 
extraction and may have been a chance occurrence in this case, precipitated 
perhaps by hypotony after two successive operations in an elderly patient 
(Grignolo, 1952; Dellaporta, 1955; Nicholls, 1956; Maumenee, 1957; Welch 
and Cooper, 1958). While there is no evidence to relate macular oedema to 
the lens implant per se, it would be of interest to follow other cases with this 


complication in mind. 
Summary 


The first histopathological examination of a human eye containing an 


anterior chamber implant is reported. 
The chief findings were injury to Descemet’s membrane, distortion of the 


corneo-iridic angles with atrophy of the adjacent ciliary muscle, a mild 
inflammatory reaction in the angle tissues in contact with the implant, and a 
marked degree of macular oedema. There was no evidence of a “foreign 


body” or sympathetic type of reaction. 
These findings are compared with histopathological reports on eyes 
subjected to the Ridley operation, and are evaluated with regard to the 


possible sequelae of the anterior chamber operation. 
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SURGICAL ROTATION OF THE EYEBALL* 


BY 


R. RODRIGUEZ BARRIOS, E. MART{NEZ RECALDE, anp 
CARLOS anp CELICA MENDILAHARZU 


From the British Hospital and Neurological Institute, Montevideo, Uruguay 


THE treatment of large tears and upper disinsertions of the retina poses 
serious and often insurmountable problems. Nor has any effective treatment 
yet been developed for retinal inversions caused by the total detachment of 
the upper retina, though most authors agree that detachments involving tears 
in the upper part of the retina are less frequently cured than inferior disinser- 
tions and tears (Arruga, 1952). 

The studies of Gonin (1904, 1934), Lindner (1931), Arruga (1936), Duke- 
Elder (1940), Schepens (1954), Teng and Chi (1957), and Wadsworth (1952, 
1957) have demonstrated the influence exerted by the traction of the vitreous 
upon the pathogenesis of tears. If to the above we add the influence of 
gravity it is logical to infer that vitreo-retinal adhesions cause larger and 
more severe tears in the upper part of the retina. 

This unfavourable state of affairs led us to seek a different approach to the 
problem, and we concluded that if the position of the tear’ or disinsertion 
could be changed the traction upon the retina might be modified. 

To achieve this, we perform a surgical rotation of the eyeball so as to bring 
the affected area into the lower position, and also make a scleral resection or 
buckling in the usual way. After cicatrization of the tear, the eye is brought 
back to its original position. 

This technique has been used in five patients who had undergone 
repeated unsuccessful operations. No final conclusions can be drawn from 


such a small series of cases, but we believe that a number of findings concern- 
ing the physiopathology of rotated eyes are worth reporting upon. 


Technique 


The conjunctiva is sectioned 7 or 8 mm. from the limbus throughout its length. 


The four rectus muscles are exposed and chromic catgut is placed in each of them. 
Their insertions are then divided and we separate any adhesions which may be 


present in areas already treated. These manoeuvres should be conducted with 
utmost care for there is always a risk of scleral rupture in areas treated with 
diathermy. 

Thorough dissection is then performed as far back as practicable so that the 
vortex veins suffer the slightest possible traction when the eyeball is rotated. 
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A further operation for retinal detachment is carried out at the place correspond- 
ing to the disinsertion or tear. 


The eyeball is then rotated either clockwise or counter-clockwise, according to 
the case, the aim being to bring the affected area as low down as possible. 

At a certain stage, the oblique muscles arrest the rotation of the eyeball; thus, 
if we wish to carry out an extorsion, the superior oblique prevents its continuation 
beyond a certain point; conversely, an intorsion is arrested by the inferior oblique. 

In our cases we confined ourselves to the partial or total sectioning of the scleral 
insertion of the oblique muscle limiting the movement. An 8-10 mm. recession 
of the oblique which is hindering rotation is recommended. 

The eyeball is then rotated and carefully watched through the ophthalmoscope. 
It is not possible to rotate the eye more than 90° because otherwise the central 
artery of the retina collapses and an intense ischaemia of the disc sets in. 

The condition of the vortex veins should be watched to avoid excessive strain. 
The risk is lessened by dissecting the tissues surrounding these veins within the 
orbit as far back as possible. 

After rotation, each muscle is sutured to the opposite stump (for instance, if 
an extorsion has been made, the lateral rectus is sutured to the stump of the superior 


rectus, the inferior rectus to the stump of the lateral rectus, etc.), and the conjunctiva 
is sutured as usual. 


Post-operative Follow-up 


The five patients followed a rather difficult post-operative course. Con- 
junctival and palpebral oedema is to be expected after an operation of this 


kind, but there was also some degree of circulatory embarrassment, caused 
by the torsion of the veins. The cornea showed slight oedema. 

One patient developed severe symptoms, with marked swelling of the eyelids 
and conjunctiva, ocular protrusion, intra-ocular haemorrhage, and glaucoma. 
The thorough dissection of the vortex veins during surgery and their patency 
after ocular rotation were rather neglected in this case, and these complica- 
tions may have been caused by the blockage of these vessels. 

The external appearance of the eye gradually became normal in four 
patients, but in the case described, ocular atrophy supervened. 

“In two patients the ocular condition was unchanged. They could only 
just perceive light, and it was hard to elicit in what manner they projected 
the position of the light focus. 

The other two patients (Cases 1 and 2) retained enough vision as to recog- 
nize changes in the position of objects, so that following movements of the 
eyes could be observed. 


Case Reports 


Case 1, a woman aged 47 years, presented with a large superior nasal disinsertion in the 
left eye. She had had a scleral buckling without success. 

A new scleral buckling behind the previous one was followed by a 90° intorsion, so 
that the involved area was brought to the inferior nasal position. Within a few weeks 
the visual acuity was 20/200 with only a slight tilting of objects (approx. 20°). As this 
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did not bother her too much she refused to undergo a further operation. We attribute 
this adjustment of intorsion to the action of the inferior oblique that had been sectioned 
only partially to enable intorsion. 

The fundus was difficult to observe because of the presence of opacities in the lens. 
In all the visible areas the retina was found properly attached. After 2 years this patient 
still preserves the same degree of visual acuity. 


Case 2, a man aged 56 years, presented with a large superior temporal tear in the right 
eye. The visual acuity in the right eye was hand movements; the left eye was normal. 
A scleral buckling proved unsuccessful. A new buckling further back and a 90° extorsion 
of the eyeball were then performed and it was necessary to section the superior oblique. 
Moreover, since the area corresponding to the origin of the inferior oblique presented 
adhesions, this had to be cut as well, so that in this particular case both obliques were 
sectioned. Throughout the visual acuity was 20/300, and a small divergence was observed. 

The fundus was not distinctly visible because of lens opacities but the retina was seen 
to be well attached. 

At the end of 6 months his condition was unchanged and it was decided to bring the 
eye back to its original position, each rectus muscle being inserted into its corresponding 
stump. 

The post-operative result was highly gratifying; the visual acuity is now 20/300 and the 
eye movements are performed correctly. Ptosis and hypertropia are present but these 
are being corrected. 


Vision and Motility of the Rotated Eye:—Case 2 being the most easily demon- 
strable, we shall take it as an example and deal with it at length (Fig. 1). 





Fic. 1.—Case 2. The patient after surgery, with eyes in 
the primary position. 


Vision.—The visual acuity was 20/300. The patient saw the sign wi of the 
Project-o-chart corresponding to 20/300, as 3. A light placed in the periphery 
of his visual field was seen with a 90° difference, and all objects were seen to be 
rotated by 90°, in the opposite direction to the rotation, so that the vertical appeared 
to be horizontal, the top being at the nasal side and the bottom at the temporal 
side. When the patient was asked to set his ruler in the same position as one 
held vertically, he placed it almost horizontally (Fig. 2, opposite); when asked to 
set it in the same position as one held horizontally he placed it almost vertically 
(Fig. 3, opposite). 

When he was asked to shake hands or to seize an object, he held out his hand 
with a 90° difference, but then realized that the object lay elsewhere. He was un- 
able to walk using the operated eye because of the confusion caused by obstacles. 
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Fic. 2.—When asked to place his ruler like 
one held in a vertical position, the patient 
holds it almost horizontally. 





Fic. 3.—When asked to place his ruler like 
one held horizontally, the patient holds it 
almost vertically. 





Binocular Vision.—The patient preserved binocular vision and certain degree of 
fusion. When two fusion slides were placed in the synoptophore the patient saw 
dimly, but when the slide on the right was rotated by 90°, fusion was accomplished 
with the largest pictures. 


Visual Field —This was studied by perimetry with wide targets. The whole of 
the visual field was rotated by 90°, the largest part (corresponding to the temporal 
field) lying in the lower sector. The visual field, as far as its original shape was 
concerned, was rotated in the direction of the ocular rotation. 


Ocular Movements 


(1) VoLUNTARY.—These were performed normally either with both eyes together or 
with the operated eye only (Fig. 4). 


Fic. 4.—Voluntary movements of 
the eye are carried out normally. 
With the left eye covered the patient 
is asked to look towards the right, 
and he does so normally. 
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(2) RerLex.—Those brought on by labyrinthine stimulation were normal. Statokinetic 
movements were not recorded. 


(3) OpticaLLy ELiciTED.—These were performed correctly when the patient looked 
with both eyes, because he had command over his left eye. But when the left eye was 
covered, an abnormal response was elicited. Thus, when a luminous point was placed 
in the inferior portion of the field and the patient was instructed to look at it, he gazed 
towards the temporal side. Regardless of the sector of the periphery of his visual field 
within which an object was placed, he directed his eye with a difference of 90° in the 
opposite direction to the rotation. 

Moreover, the patient projected both light and objects with a 90° difference in position, 
and turned his eye towards the point where he believed them to be placed. He kept up 
fixation on the false image and only realized that the object was not there when he tried 


to grasp it. 


(4) FoLLowinGc.—These were performed normally when the patient looked with both 
eyes, but if the left eye was covered various phenomena were observed. When an 
object was displaced downwards, the eye moved towards the temporal side (Fig. 5); when 
it was displaced from the temporal side in the nasal direction, the eye moved downwards 
(Fig. 6); when it was displaced from the nasal side in the temporal direction, the eye 
moved upwards. The patient followed the objects with his finger in the same way as with 


his eye. 
If the object was displaced vertically upwards the eye moved horizontally toward the 
centre (Fig. 7), and when the object reached the highest position on the vertical meridian 


the eye moved to the limit of adduction. 


Optokinetic Nystagmus.—Ocular movements were likewise performed with a 
90° difference with respect to the movement of the drum lines. 


All the modifications observed in the sensory and ocular behaviour of the 
rotated eye remained unchanged throughout the 6 months during which the 
eye was in the above position, but the sensory motor alteration did not 
affect the patient to any large extent, as he suppressed it and focused with 
his sound eye. 

When the eye was returned to its normal position 6 months later, the 
retinal sensory state and the ocular movements also returned to normal 


(Fig. 8). 


Fic. 8.—After the eye has been rotated 
back to the normal position the patient is 
able to set his ruler parallel to one held by 
the author. 
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Fic. 5.—Following move- 
ments with the rotated eye 
alone are made at right angles. 
When the pencil is moved 
downwards the eye moves 
outwards. 





Fic. 6.—When an object of 
fixation is moved horizontally 
from the temporal to the nasal 
side, the patient moves both 
his finger and his eye vertically 
downwards. 





Fic. 7.—When the pencil is 
moved vertically upwards, the 
patient moves both his finger 
and his eye horizontally in- 
wards. 
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Discussion 


We have not found in the literature any papers describing observations 
similar to ours. Stratton (1896, 1897, 1899) performed interesting experi- 
ments with lenses which reversed the visual field (Duke-Elder, 1938). 

Stone (1951) found that the only vertebrate eye possessing regenerative 
capacity in the retina and optic nerve, was that of the salamander. He 
states: ‘‘ Neutral retina which degenerates in transplanted vertebrate eyes is 
replaced only in salamanders by regeneration from surviving retinal pigment 
epithelium.” 

In analysing the visual mechanism in transplanted eyes, he observed that 
vision is normal if the transplanted eyes are normally oriented, but if the eye 
is exercised, rotated 180°, and re-implanted, all the functional quadrants of 
the regenerated retina and the visuomotor reactions are reversed. 

Abnormal swimming, reversed vision and reversed visuomotor responses, 
were retained as long as the eyes were rotated 180°, but all normal reactions 
“‘can be immediately restored by cutting the conjunctiva and ocular muscles 
and rotating the eye back to normal orientation without disturbing the blood 
supply to the retina or injuring the optic nerve while twisting it.” 

These interesting experiments with animals present certain points of 
similarity with the clinical observations in man which we believe ourselves 
to have been the first to carry out. 

We are aware that the presence of lowered vision and of a number of 
scotomata, may diminish the value of the interpretation we have formulated. 
The severance of the oblique muscles in the patient chosen as an example 
(Case 2) casts doubt on the interpretation of the eye movements. Another 
point to be noted is that the eyeball was rotated not about an axis traversing 
the macula, but around that of the optic nerve. 


Sensory Behaviour.—By rotating the right eye 90° in a counter-clockwise 
direction we changed the position of the retinal meridians so that the vertical 
meridian became horizontal, its upper part to the temporal side and its lower part 
to the nasal side (Figs 2 and 3). 


Oculomotor Behaviour.—The ocular movements provoked by retinal stimulation 
(optically-elicited and following movements) were abnormal and could be differen- 
tiated from voluntary and vestibular movements which were made normally. 


Modification of Following Movements.—When a normal person looks at an object 
moving downward (e.g. from A to B as in Fig. 9, opposite), the vertical meridian of 
the retina is stimulated from A’ to B’, that is upwards, in a maculofugal direction. 

The fixation reflex then takes place, so that the gazer directs the macula toward 
the object’s new position, B, and to do this, he must contract the inferior rectus 
and relax the superior rectus. 

A new displacement in the same direction elicits a similar response until the 
extreme downward position of regard is reached. 
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If we now move the object vertically upwards, the retinal image moves down- 
wards, and in order to fix the object with the macula the superior rectus must be 
contracted and the inferior rectus must be relaxed. 

In other words, the displacement of an object along a vertical course elicits the 
stimulation of the vertical meridian of the retina and a displacement of the eye 
on the same meridian in the same direction as that of the object. 

The diagram (Fig. 9) shows the normal relationships of the right eye between 
vertical and horizontal meridians with the muscles contracting by maculofugal 
stimulation. 


SUPERIOR 
RECTUS 





Fic. 9.—Diagram showing the normal 
optomotor relationships between a meri- 
dian and the rectus muscles of the right 
eye. 

For example, when an object is moved 
vertically from A to B, it stimulates the 
vertical meridian of the retina from A’ to 
B’, and the maculofugal stimulation of 
this meridian elicits the contraction of the 
inferior rectus. INFERIOR 


REcTtus & 





LATERAL 
RECTUS 
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If, however, the eye is rotated 90° counter-clockwise, the relationship between the 


-meridians and the muscles will be changed. 


Fig. 10 shows that the horizontal meridian normally associated with the hori- 
zontal recti now occupies a vertical position while the vertical meridian normally 
associated with the vertical recti occupies a horizontal position. With the eye in 
this position, an object moving vertically stimulates the normal horizontal meridian 
of the retina. 


SUPERIOR 
RECTUS 





LATERAL 
RECTUS 


Fic. 10.—Diagram showing the changes 
in relationships between the retinal meri- 
dians and the rectus muscles resulting 
from a 90° counter-clockwise rotation of 
the right eye. An object moving down- 
wards stimulates the horizontal nasal 
INFERIOR i meridian and sets up the contraction of 
RECTUS 8 the lateral rectus in the rotated eye. 
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Following movements in our patient demonstrated that the stimulation of the 
true horizontal meridian continued to cause the contraction of the horizontal recti 
while the stimulation of the vertical meridian elicited the contraction of the vertical 
recti. 

Thus, when an object is displaced downwards from A to B (Fig. 10), the image 
moves from A’ to B’ along the meridian which is normally nasal horizontal, and 
which, on being stimulated in a maculofugal direction, normally causes the 
contraction of the lateral rectus; in point of fact when the object moved down- 
wards the eye moved outwards. 

When the object moved vertically or horizontally, the same phenomenon was 
observed, the eye moving in the direction controlled by the muscle associated with 
the stimulated meridian. 


From the above it may be concluded that although the eye had undergone 
a 90° rotation, the retinal meridians preserved their normal relationship to 
the same muscles as before rotation, and it may safely be maintained that, 
at least in the adult, there exists an indestructible interdependence between 
retina and the oculomotor muscles. 


The rotation of the eyeball brought out further facts which are more 
difficult to interpret: 


(1) Macular Fixation does not persist in Following Movements.—If the downward 
movement of an object causes the eye to move outwards, fixation with the macula 
does not persist. 

It might be argued that our patient had a very much lowered visual acuity and 
that a central scotoma was present; but even in cases with large central scotomata 
the eye follows moving objects in a normal way. 

In our patient, fixation persisted with peripheral areas of the retina; he looked 
in the direction in which he believed the object to lie, and pointed in that direction 
with his finger when asked where it was situated. Normally, an object moving 
downwards is followed by the macula and the eye also moves downward. But, 
in our patient, the downward movement of the object stimulated the former 
horizontal meridian and the external rectus contracted carrying the eye outwards. 

It is not quite consistent with current knowledge that the patient did not resume 
fixation. In effect, when the object moved downwards, the eye was carried outwards 
and then stayed in that position, the patient no longer fixing with the macula, 
Normally, when a peripheral zone of the retina is stimulated, the eye fixes with the 
macula, and when the nasal horizontal meridian is stimulated the lateral rectus 
contracts to accomplish this manoeuvre. In our patient, when the object moved 
downwards, he maintained fixation on that point without focusing with the macula. 

Thus when the eye was rotated 90°, the normal fixation movement did not carry 
the image to the macula because the wrong muscle contracted. 

It is significant that the patient continued to fix with the point of the retina which 
had elicited the muscular contraction, and the eyeball stopped at the point to which 
it was carried by the muscular contraction. 

If the macular fixation reflex were so preponderant as is usually thought, 
the eye should always move so as to fix with the macula, but this was not the case, 
and it appears that the most important factor in ocular movement is the normally 
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established relationship between the retina and the extra-ocular muscles. This 
leads to the assumption of the presence of an acquired reflex mechanism relating 
each point on the retina to a particular oculomotor response. In other words, 
each retinal point has its own oculomotor value, possibly acquired during develop- 
ment, which persists even when the eyeball is rotated. 


(2) The Direction of Ocular Movement is determined by the Maculofugal or 
Maculopetal Character of the Stimulus.—The rotation of the eyeball gives rise to 
a number of observations on this well known axiom. 

Carrying on with the previous example (Fig. 10), when the object has stopped at 
B the eye is fixed in a certain position. If, starting from this position, the object 
continues to move downwards, the eye moves a little further outwards. 

Thus the image is displaced in a maculofugal direction along the formerly 
horizontal nasal meridian, so producing the contraction of the lateral rectus. 

But if the object moves upwards from B, the eye is carried inwards. 

It may be assumed that the maculopetal movement of the image along the nasal 
meridian causes the contraction of the internal rectus and carries the eye inwards 
when the object moves up. 

In normal conditions, if the peripheral retina is stimulated in the nasal sector, 
the fixation reflex elicits a contraction of the lateral rectus to direct the macula to 
the object. In our patient the fixation reflex did not take place, and the external 
rectus did not contract. A contraction of the internal rectus was seen when the 
stimulation of the nasal retina was displaced in a maculopetal direction. 

Similar findings were observed in all meridians, and it was therefore possible 
to study the influence of the movement of images along the retinal meridians 
without the occurrence of the fixation reflex. 

This suggests that the successive stimulation of two retinal points assumes a 
different oculomotor significance according to the order in which stimulation 
occurs, and the ocular movement will differ according to the maculofugal or 
maculopetal direction of the stimulation. This permits us to modify the diagram 
of retino-muscular relationship shown in Fig. 10 and to show it as in Fig. 11; the 
successive stimulation of two retinal points are seen to cause the eye to move 
without the intervention of the macular fixation reflex. 
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Fic. 11.—Optomotor relationships in an eye 
rotated 90°, in which the macular fixation reflex INFERIOR 
does not take place. RECTUS 


39 
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Theoretically, if the eyeball had been rotated 180°, the eye would move upwards 
when the object moved downwards, as Stone’s salamanders moved away from the 


stimulating light instead of towards it. 


(3) Optomotor Relationship of Extramacular Vertical and Horizontal Meridians.— 
Not only the vertical and horizontal meridians traversing the macula but also the 
meridians parallel to them assume the oculomotor significance described above. 

Thus, an object was displaced a little below the fixation point (Fig. 12), the eye 
moved outwards with an equivalent angular movement and remained in that 
position. When the object moved further down, the eye moved a little further 
outwards. When it is arrested at the first point, the fixing point of the retina will 
not lie on the macular meridian, but on another meridian parallel to it. When 
the object is moved a little further down (C), the eye moves further out and 4 
retina] point on another meridian is now found to be fixing the object. 
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Fic. 12.—When the object moves downwards, 
the rotated eye moves outwards, and the 
object stimulates retinal points lying on 
Meridians other than that traversing the 
macula, 





INFERIOR 
RECTUS 


This suggests that all the horizontal meridians are associated with the horizontal 


recti and all the vertical meridians with the vertical recti. 

Obviously, a similar relationship must exist as regards the oblique muscles, but 
because these had been sectioned in our patient, no definite conclusions can be 
drawn. 

As a working hypothesis we.may assume that each retinal area presents meridians 
associated with each pair of muscles governing the direction of movement. The 
course of the movement is conditioned by the maculofugal or maculopetal character 
of the successive stimuli of two points on these meridians. Thus the same macula 
must present multiple meridians each with its corresponding oculomotor 
significance. 

This hypothesis calls for experimental confirmation, which is now being carried 
On in our department. 


Summary 
For the purpose of treating retinal detachments with large tears or disin- 
sertions in the upper quadrants the surgical rotation of the eyeball was 
carried out in five cases in order to bring the tears towards the lower part 
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orbit. The rectus muscles were sectioned, the globe rotated 90°, and the 
muscle ends sutured to the stumps lying opposite. Conventional scleral 
buckling (or scleral resection) was done first as in the usual treatment of 
retinal detachment. 

It was not possible to accomplish a rotation of more than 90° owing to 
retinal ischaemia. After a few months, when the detached retina was 
successfully reapposed the eyeball was again rotated to its original position. 
This operation was successful in only two of the five cases. 

While the eye remained rotated the visual acuity and ocular movements 
were studied. Objects of regard were seen with an inclination of 90° in 


opposite direction to that of the rotation. The motility of the rotated eye 


showed that there was a definite dissociation between the voluntary and 
labyrinthine movements and those of retinal origin (optically elicited). The 


former were performed normally, but those of retinal origin were made with 
a 90° inclination. This demonstrated the existence of a close association 


between the retinal meridians and the ocular muscles habitually related 
thereto, which does not disappear despite eye rotation. 
The muscular response is conditioned by the maculofugal or maculopetal 


quality of the stimulus. 
In rotated eyes the macular fixation reflex is absent when the peripheral 


retina is stimulated; a muscle contracts other than that necessary for macular 
fixation and the eye moves to a new position, where another extramacular 


point is stimulated. 

Some of these observations on retinomuscular relationships bear out the 
observations of Stone (1951), and others call for experimental confirmation 
which is now being sought. 


The small number of cases studied prevents us from drawing firm con- 


clusions regarding the value of this method of treatment, and the successful 
results obtained by present-day methods of diathermy with the eye in the 


normal position, limit the scope of the procedure described. 
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OBSERVATIONS ON COMPENSATORY ADJUSTMENTS 
IN ONE-EYED PERSONS* 
BY 


EDWARD ZAGORA 
£6dz, Poland 





THE most significant neuro-ophthalmological changes which take place 
after the loss of vision in one eye may be summarized as follows: 

(a) All impulses to binocular unitary perception are immediately lost and, if 
the blind eye has not been enucleated, the eyes assume the fusion-free or dissociated 
position. 


(b) The infra- and supra-gennari layers of the visual cortex are subject to atrophy, 
if the receptors connected with them are removed. For instance, in the visual 
cortex of a person who has lost the left eye some time before, the right infra-gennari 
laminae and the left supra-gennari laminae of layer 4 will undergo atrophy (Walls, 
1941). 


(c) The practical importance of the range of fixation of the remaining eye 
increases considerably. 





(d) The remaining eye perceives depth by making use of various clues (parallax, 
shadows, etc.). 


The present investigation has shown, however, that in order to adjust 
themselves to the new visual conditions after the loss of one eye many per- 
sons tend to assume a persistent compensatory head posture which may be 
called ‘“‘uniocular torticollis”. The abnormal head postures adopted by 
one-eyed people may be classified as: 

(a) Tilting the head. 
(6) Turning the face. 
(c) Depressing the chin. 


(a) Persistent tilting of the head towards the shoulder on the side of the 
remaining eye with depression of the chin towards the chest represents an 
attempt to extend the relative field of vision (although the field remains 
restricted by the area of the retina), especially in the lower nasal quadrant, 
where the margin often recedes to 50° or 45° on account of the prominence 
of the nose (Fig. la, b, opposite). ) 








* Received for publication November 21, 1958. 
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(a) 





(b) 
Fic. 1.—Compensatory head-tilting towards the side of the remaining eye (the right conjunc- 
tival socket contains a prosthesis), with depression of the chin both for distant vision (a) 
and near vision (5). 
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(b) The face is usually turned towards the side of the lost eye (Fig. 2). 


This has two advantages: 
(i) The nasal half of the visual field of the remaining eye is extended. 
(ii) The remaining eye assumes temporarily the mid-position of a single 
frontal visual organ. This alignment can give the one-eyed person 
information on the position of objects in space in relation to the 
median vertical plane through the body, and so helps him to under- 
take work in which symmetrical exactitude is important (Fig. 3). 


Fic. 2.—Compensatory face-turning to- 

wards the side of the lost eye (the right | 

conjunctival socket contains a prosthesis). = , 
This is one of the less frequent types of Fic. 3.—Face-turning towards the side of the 
posture, in which the head is tilted to- lost eye in work requiring éxactitude in symmetry 
wards the side of the lost eye. estimation. 


(c) Lowering the chin extends the field of vision of the remaining eye, 
especially in the lower nasal quadrant. Depressing the chin towards the 
chest causes the remaining eye to become slightly elevated in the orbit. 

It is generally agreed that there are several clinical types of torticollis, 
the most commonly encountered being two non-ocular types (neurological 
and orthopaedic), and one ocular type. The last represents an attempt by 
the individual to compensate for an abnormality involving both the vertical 
and torsional components of the extra-ocular musculature. 

The fourth type, “uniocular” torticollis, may escape observation when 
present in slight degree, and the significance of a habitual head-tilt or face- 
turn is given insufficient consideration. One-eyed people sometimes exhibit 
head-tilting in connexion with tasks requiring near vision rather than with 
those requiring efficient distance vision (Zagora, 1953). 
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A marked uniocular torticollis may be mistaken for torticollis due to uni- 
lateral contracture of the sternomastoid muscle, and in such cases the differ- 
ential diagnosis should be considered: 

(1) In orthopaedic torticollis the deformity is present from birth and the 
sternomastoid muscle is taut on the side to which the head is tilted so that 
bending the neck in the opposite direction is often impossible. Uniocular 
torticollis, on the other hand, follows the loss of vision in one eye. More- 
over, no contracture of sternomastoid muscle is present and the head-tilt or 
face-turn can be controlled voluntarily. 


(2) In orthopaedic torticollis the chin is raised and face is always turned 
away from the direction of the head-tilt. In uniocular torticollis the chin 
is depressed and face is usually turned away from the direction of the head- 
tilt, though in some instances the face-turn and head-tilt may both be in the 
same direction. 

Uniocular torticollis appears in some cases during the first few weeks after 
the loss of aneye. Children who have lost an eye as the result of injury show 
initially a tendency to marked compensatory face-rotation towards the side 
of the lost eye, especially when doing school work. In many cases this form 
of face-rotation seems to be capable of spontaneous correction at a later 
period. 

The practical importance of the uniocular range of fixation increases con- 
siderably after the loss of oneeye. The limitations of the visual field, particu- 
larly towards the nasal side, constitute a significant handicap in everyday 
life, and persistent compensatory head-tilting and face-turning will help to 
enlarge the range of vision, chiefly towards the nasal side. 

When the one-eyed person tilts his head to one side, the remaining eye 
undergoes torsion on its antero-posterior axis in the opposite direction 
(under the influence of tonic stimuli from the otolith apparatus) to compensate 
for the changed position of the head, and the vertical meridian of the cornea 
remains vertical in respect to gravity. For example, in the case of a 
person who has lost his right eye, when the head is tilted sideways towards the 
left shoulder, the remaining eye becomes intorted and somewhat elevated, 
through contraction of the left superior oblique and left superior rectus, and in 
this way the vertical meridian of the cornea remains vertical (Fig. 4, overleaf). 

In a period of 8 years, 140 uniocular cases have been seen, in all of which 
the patients had normal or approximately normal vision in the remaining 
eye and no anomalies of the ocular movements. They were mostly one- 
eyed people who had lost one eye in childhood or in adult life through 
injury and were wearing a prosthesis. Patients with one amblyopic eye 
were not studied in the present series since the depth of amblyopia and its 
recoverability varies so much in individual cases. The type and incidence 
of compensatory postural adjustments are set out in the Table (overleaf), 
which also shows the side of the lost eye. 
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The chief problems of ad- 
justment to the new visual 
conditions which confront 
the patient after the loss of 
an eye concern also the ac- 
quisition of the skills neces- 
sary for orientation with 
respect to the space-time 
relationship. The super- 
iority of binocular over 

H uniocular distance discrim- 

; ination is most pronounced 

. : at short distances, and it is 

Fic. 4.—Diagram to illustrate torsion of remaining the closest objects which are 

eye with compensatory inclination of the head. of utmost importance vis- 

ually, as any sightless person has experienced. For example, the speed of 

spatial orientation in relation to the high speed of motor vehicles is import- 

ant to one-eyed cyclists in dense traffic. The additional time required by 

a one-eyed cyclist for the recognition of an approaching vehicle may become 
a contributory cause of accidents. 


TABLE 
COMPENSATORY ADJUSTMENTS IN 140 CASES 





Side of Lost Eye Total 


Compensatory Adjustment Cases 
Right Left 








Head-tilting * No. 69 15 84 
Per cent. 82-2 17°8 72:4 





Face-turning f No. 8 24 32 
Per cent. 25 75 27°6 





Total Ae No. 77 39 116 
Per cent. 66°4 33-6 82-8 











Absent ia ne ns No. 13 11 24 
Per cent. 54-1 45°8 17:1 





Total Cases ia a No. 90 50 140 
Per cent. 64:2 35°8 100 

















* Towards the side of the remaining eye with face turning towards the side of the lost eye and 


depression of the chin. 
+ Towards the side of the lost eye, either without head tilting or with a slight head tilt in the 


same direction. 


Treatment 
This should be directed to the avoidance of inclination of the head, but 
this is not easy to achieve, as the position is not taken up by the one-eyed 
person as a result of a bad habit, but because it helps to adjust himself 
to the new visual conditions after the loss of an eye. In fitting a one-eyed 
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person with spectacles for the correction of refractive errors, care must 
be taken that the bridge, frames, and side-pieces are so designed as not to 
restrict any part of the nasal field of vision of the remaining eye. These 
measures will help the one-eyed person to hold his head straighter. If the 
nose is large a plastic operation may improve both the cosmetic effect and 
the visual field, so that the compensatory head-tilt and face-turn become less 
pronounced. 

A few one-eyed people (especially those who have been left with the 
dominant eye) have reported that they find it necessary to close the lids of 
the lost eye when looking at very distant objects or in difficult visual condi- 
tions such as in fog, rain, and reduced illumination. The lid closure appears 
to be carried out involuntarily but involves the mediation of consciousness. 


Summary and Conclusions 


(1) The majority of one-eyed people show a tendency to assume compensat- 
ory postural adjustments in an attempt to enlarge the nasal field of vision. 

(2) When the face is turned to the side of the lost eye, an alignment of 
the remaining eye takes place in relation to the median vertical plane 
through the body, and this helps to regain confidence in the judgment of 
symmetry. 

(3) The practical importance of the uniocular field of fixation increases if 
one eye is lost. 

(4) From the study of 140 one-eyed persons the following conclusions 
have been drawn: 

(a) The loss of the right eye was followed in the majority of cases by the 
development of a tendency to compensatory head-tilting towards the left 
shoulder, face-turning towards the right, and depression of the chin towards 
the chest. 

(b) The loss of the left eye was most commonly followed by face-turning 
to the left, either without head-tilting or with a slight head-tilt to the same side. 

An explanation of these facts would require further studies and especially 
a determination of the relationship between these various compensatory 
- postures and lateral dominance. 

(5) Compensatory head postures help to shorten the time required by 
one-eyed people for spatial orientation. 

(6) Prophylactic measures may help to correct the abnormal head posture. 

(7) In some cases the closure of the lids of the lost eye appears to act as 
a psycho-physiological stimulus to the visual acuity of the remaining eye. 
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NEPTAZANE IN GLAUCOMA* 
A PRELIMINARY CLINICAL REPORT 


BY 


D. H. COOP 
London 


NEPTAZANE (methazolamide) is a sulphonamide derivative closely resembling 
Diamox (acetazolamide) chemically. Both drugs are carbonic anhydrase 
inhibitors, but Neptazane is active in smaller and less frequent doses. To 
ascertain its value in the treatment of various types of glaucoma, a short- 
term study was made of fourteen patients admitted to Moorfields Eye 
Hospital (High Holborn). In every case the Neptazane was administered 
orally in the form of 50-mg. tablets, the doses being varied where possible 
for comparison of the effects A Schidtz X-tonometer was used to estimate 
the ocular tension, and all other treatment was suspended during the trial 
unless specifically mentioned. The case histories therefore give no guide to 
the clinical treatment of various types of glaucoma, but merely reflect the 
patients’ reactions to Neptazane. 

Fig. 1 illustrates a typical response to a single oral dose of 125 mg. Nepta- 
zane in a normal adult; 4 hours after its administration there was a fall in 
ocular tension of 3 to 4 mm. Hg (Schi6tz); this was maintained for a further 
12 hours and then rose again to the original level approximately 18 hours 
after the Neptazane was given. In subjects who were given 250 mg., the fall 
in tension lasted about 24 hours. 
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Fic. 1.—Response of normal adult to single oral dose of 125 mg. Neptazane. 
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Case Reports 


Case 1, a woman aged 78 years, had simple glaucoma which had been successfully controlled 
by miotics for several years. After her admission to hospital all treatment was stopped 
for several days, during which time the tension in each eye rose to 40-45 mm. Hg; 125 mg. 
Neptazane were then given, and the tension was recorded hourly. Several days later the 
trial was repeated using 250 mg. Neptazane at a comparable time of day. Fig. 2 is a 
composite graph comparing the two results. In each case the ocular tension was reduced 
in 4 hours, but a slightly greater fall followed the higher dose. In both instances the 
tension remained controlled on the following morning at a time when it was normally 
high. This shows that the Neptazane was still having some effect 19 hours after 
administration. 





Ocular Tension 








Fic. 2.—Simple glaucoma (Case 1). 


Case 2, a woman aged 48 years, had simple glaucoma, which was well controlled by 
miotics but without treatment fluctuated between 30 and 45 mm. Hg. Treatment was 
suspended for 48 hours and a single dose of 250 mg. Neptazane was then given. In 5 
hours the tension had fallen to 28 mm. Hg, where it remained for about 14 hours, and 
then rose irregularly during the next 24 hours and regained the original level of 40 mm. Hg 
(Fig. 3). The patient suffered nausea about 6 hours after taking the Neptazane; she 
later vomited several times, and the next day still felt ill enough to stay in bed. 


50- 


<— OFF MIOTICS 


Ocular Tension 








' 


DAYS 
Fic. 3.—Simple glaucoma (Case 2). 
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A week later, a further dose of 250 mg. was followed by a similar reaction, and there 
seemed to be no doubt that the Neptazane was responsible for the vomiting. 


Case 3, a man aged 63 years, had sub-acute narrow-angle glaucoma which was well con- 
trolled on miotics, but without treatment the tension rose to 40 mm. Hg. Fig. 4 is a 
composite graph showing the response to 125 and 250 mg., each given as a single dose at 
the same time on different days. In both instances the Neptazane had no significant 
effect for several hours. Although the tension was reduced to normal for about 24 hours, 
the larger dose had a more rapid effect and produced a greater fallin tension. It was not 
possible to assess the duration of action of the Neptazane tonometrically, because of the 
normal daily fluctuations in tension. In fact, after a subsequent dose of 125 mg. Nepta- 
zane the tension remained normal for 3 days before rising above 30 mm. Hg. At no time 
during this trial did the anterior chamber show any alteration in depth. 
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Fic, 4.—Sub-acute narrow-angle glaucoma (Case 3). 
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Case 4, a man aged 75 years, had 
developed an attack of acute closed- 
angle glaucoma one evening when 
watching an exciting film. When he 
was admitted to the ward the next 
morning, the ocular tension was 
70 mm. Hg. Nothing but 125 mg. 
Neptazane was given, and Schidtz 
readings were taken hourly. After 
8 hours the tension was tending to 
rise rather than to fall, and intensive 
eserine drops and an injection of 
500 mg. Diamox were given (Fig. 5). 
A rapid fall in tension followed 
and a drainage operation was per- 
formed. This case was one of un- 
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—— mild attack of sub-acute glaucoma 4 


Fic. 5.—Acute closed-angle glaucoma (Case 4), | week before admission. It is there- 
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fore significant that Neptazane alone completely failed to reduce the tension in a case which 
responded rapidly to the standard treatment. The reason for this was that the aqueous 
outflow was completely blocked at the angle. Decreasing the formation of aqueous with 
Neptazane had no effect on the primary cause of the raised ocular tension, but eserine, 
by constricting the pupil, opened the chamber angle and allowed normal drainage to 
be resumed. 


Case 5, a man aged 63 years, had been suffering for 2 weeks with an acute attack of closed- 
angle glaucoma. When he was admitted to hospital the tension in the left eye was over 
80 mm. Hg, and the visual acuity was reduced to perception of hand movements. For 
these reasons a trial of Neptazane was thought to be justified and a dose of 250 mg. was 
given immediately. There was a dramatic fall in tension to normal in about 6 hours 
and it remained low for a further 14 hours before rapidly rising again to 68 mm. Hg; 
250 mg. Neptazane were then given twice daily for several days, but the original dramatic 
response was not repeated, the tension fluctuating between 40 and 50 mm. Hg (Fig. 6). 
The Neptazane was therefore stopped and next day intensive eserine drops were given. 
This produced a rapid fall in tension to normal and a drainage operation was performed. 
Gonioscopy revealed that the chamber angle was almost completely closed by anterior 


synechiae. 
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Fic. 6.—Acute closed-angle glaucoma (Case 5). 


Case 6, a woman aged 24 years, had glaucoma due to mal-development of the angles which 
were partially blocked by mesodermal tissue. The ocular tension was controlled by 
guttae pilocarpine 2 per cent. four times daily, but without drops it rose to 45 mm. Hg in 
each eye and corneal oedema ensued. 

After treatment had been suspended for 24 hours, 250 mg. Neptazane were given and 
the tension was recorded hourly. After 4 hours there was a rapid fal) to 30 mm. Hg and 
the tension remained within normal limits for a further 16 hours. Next morning, 20 hours 
after administration, the tension was 22 mm. Hg; over the next 4 hours it rose to 50 mm. 
Hg, corneal oedema appeared, and the patient complained of the rapid onset of misty 
vision (Fig. 7). Drainage operations have since been performed. 
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Fic. 7.—Glaucoma secondary to maldevelopment of anterior chamber angle (Case 6). 


Case 7, a woman aged 83 years, had had symptoms for 2 days of acute glaucoma associated 
with a hypermature cataract in the left eye. The right eye had an immature cataract and 
normal tension. After the corneal oedema had been cleared with glycerine, the slit lamp 
revealed a faint flare and a deep anterior chamber in which were floating a number of 
shimmering polychromatic particles. The posterior corneal surface was peppered with 
tiny aggregations of debris, but there were no keratic precipitates. This was thought to 
be a case of phacolytic glaucoma, but the Pathology Department did not confirm this after 
a subsequent examination of the lens and aqueous. 

250 mg. Neptazane were given on admission, but the tablets were vomited. A further 
dose of 250 mg. was therefore given together with intensive eserine drops, and the tension 
fell to normal overnight and remained so for 36 hours without treatment. Within the 
next few hours, however, the tension began to rise steeply and a further dose of 250 mg. 
Neptazane was given, but no miotics. This arrested the upward trend but did not lower 
the tension very much (Fig. 8). 
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Fic. 8.—Secondary glaucoma (Case 7). 
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The dose was therefore increased to 500 mg. Neptazane daily in divided doses, but the 
tension was never satisfactorily controlled by it. After 3 days on this dosage the Nep- 
tazane was stopped. Gutt. eserine 0°5 per cent. and Diamox 250 mg. four times daily 
were substituted and the tension fell to normal limits, where it remained until the lens was 
extracted. It is clear that Neptazane alone did not control the tension adequately. 


Case 8, a man aged 71 years, had aphakic glaucoma due to anterior synechiae. He 
complained of blurred vision and was found to have an ocular tension of 54 mm, Hg and 
a cupped disc. 

250 mg. Neptazane reduced the tension to 22 mm. Hg overnight, and next day the rise 
was controlled by a further dose of 250 mg. Neptazane. It is interesting to note that the 
tension then remained normal for 3 days without treatment, before suddenly rising to 
45 mm. Hg. For comparison, guttae eserine 0-5 per cent. three times daily were then 
substituted, and the tension became normal the next day (Fig. 9). A drainage operation 
has since been performed. . 
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Fic. 9.—Aphakic glaucoma (Case 8). 


Case 9, a woman aged 58 years, had bilateral aphakic glaucoma and a vitreous haemorrhage 
in the left eye. Diamox (250 mg. four times daily) controlled the tension in the right eye, 
but the tension in the left eye had been raised to between 40 and 50 mm. Hg for several 
months. All treatment was stopped for 24 hours before the trial began, and the ocular 
pm rose to 80 mm. Hg in the left eye and 45 mm. Hg in the right eye (Fig. 10, over- 
eaf). 

250 mg. Neptazane were given daily for 5 days. In the left eye there was a maximum 
fall in tension to about 45 mm. Hg in 10 hours each day, and the tension remained at this 
level for about 8 hours before rising. The dose was then increased to 350 mg. daily in 
divided doses at 12-hrly intervals and, although the fluctuations were eliminated, there 
was no further fall in tension. The effects of a dose of 500 mg. daily were then tried in 
divided doses of 300 mg. at 6 a.m. and 200 mg. at 6 p.m. (Fig. 10). A marked fall in 
tension occurred in both eyes, but because of the onset of tingling in the extremities and 
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the complaint of a peculiar light-headed feeling, the dose was reduced to 350 mg. daily 
divided into four doses, and potassium bicarbonate 1 g. three times daily was introduced. 
The symptoms stopped, but despite the even spacing of the doses of Neptazane, the 
pressure fluctuated by at least 20 mm. Hg in the course of each day. 
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Fic. 10.—Secondary glaucoma (Case 9). 


It is interesting to note that the fluctuations of tension in the right eye ran parallel to 
those in the left, but at a correspondingly lower level throughout. 
Bilateral cyclodiathermy operations have since reduced the tension in-both eyes. 


Case 10, a man aged 46 years, had bilateral posterior uveitis and secondary glaucoma; 
treatment for 3 months had not altered the clinical picture and the tension in each eye 
remained at about 40 mm. Hg. He was therefore admitted for a trial of Neptazane, 
20 mg. oral prednisolone daily being continued throughout the investigation. 

500 mg. Neptazane daily did not alter the tension; 750 mg. produced a fall of 5 to 
10 mm. Hg in each eye, but the tension still remained above 30 mm. Hg and the patient 
complained of an unpleasant light-headed feeling. The dose was therefore reduced to 
250 mg. twice daily; the side-effects disappeared but the tension rose again to 40 mm. Hg. 
Potassium bicarbonate 1 g. three times daily was subsequently introduced without effect. 
In this case there was little difference in the effectiveness of Diamox and Neptazane in 
controlling the tension, but bilateral cyclodiathermy has since kept the tension down to 
normal. 


Case 11, a man aged 68 years, was suffering from aphakic glaucoma due to extensive 
peripheral anterior synechiae. In 1957 he had had an extra-capsular cataract extraction 
in an otherwise normal eye, followed by abscission of an iris prolapse. Over the succeed- 
ing weeks the tension had slowly risen to 50 mm. Hg and cyclodiathermy had failed to 
control it. Guttae eserine 0-5 per cent. together with potassium bicarbonate 1 g. three 
times daily and 250 mg. Diamox four times daily had also failed to reduce the pressure 
below 40 mm. Hg. 

He was therefore admitted for a trial of Neptazane, guttae eserine 0-5 per cent. three 
times daily being continued throughout. 250 mg. Neptazane twice daily for 3 days 
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failed to lower the tension significantly. On the fourth day, 750 mg. were administered, 
250 mg. at 6 a.m. and 500 mg. at 6 p.m. This produced a fall in tension of 10 mm. Hg 
overnight, but because of moderate nausea, vomiting, and paraesthesiae, the Neptazane 
was suspended. Diamox and potassium bicarbonate were again given in the same doses 
as before and the tension again rose to between 40 and 50 mm. Hg. The tension is now 
normal after a further cyclodiathermy operation. 


Case 12, a man aged 69 years, had untreated simple glaucoma, the tension in the left eye 
fluctuating between 30 and 45 mm. Hg. He was admitted to hospital and given 125 mg. 
Neptazane daily, but no miotics.- This reduced the tension to normal, apart from a 
transient rise on the sixth day (Fig. 11). 
After the ninth day, the tension again began to fluctuate and rose to the original high 
level, but it has since been controlled by a drainage operation. 
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Fic. 11.—Simple glaucoma (Case 12). 


Case 13, a man aged 67 years, had simple glaucoma which was not controlled by guttae 
pilocarpine 2 per cent. four times daily. As the tension was found to fluctuate between 
35 and 45 mm. Hg, miotics were continued throughout the trial in which 250 mg. Nepta- 
zane were given daily for 12 days. The tension fell considerably until the fifth day, after 
which it slowly increased to the original level (Fig. 12). Wide fluctuations of tension then 
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Fic. 12.—Simple glaucoma (Case 13). 
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occurred, indicating that the glaucoma was out of control. On the seventh day, potassium 
bicarbonate 1 g. three times daily was introduced but had no significant effect. 





Case 14, a woman aged 62 years, had simple glaucoma in which the tension fluctuated 
between 30 and 40 mm. Hg during treatment with guttae pilocarpine 2 per cent. threc 
times daily. Miotics were stopped and 125 mg. Neptazane twice daily were substituted. 
Within 12 hours the tension fell to between 20 and 30 mm. Hg, and it remained within 
these limits for a further 5 days, but then slowly rose again to 35 mm. Hg by the eighth 
day. 

The patient had no complaints until the sixth day, when paraesthesiae developed and 
mild nausea and anorexia began to make her feel miserable. On the eighth day the trial 
was stopped, because she had developed shortness of breath and palpitations on exertion, 
so that walking the length of the ward and back doubled the respiratory and pulse rates. 
After the Neptazane had been discontinued these side-effects disappeared in 48 hours. 
Even before the onset of these symptoms, it was becoming apparent that the tension 
was ceasing to be controlled by Neptazane. 


Discussion 
As Neptazane is excreted more slowly than Diamox, it maintains a useful 
concentration in the plasma for a longer period. Because it also penetrates 
into the aqueous humour more readily than Diamox, smaller and less 
frequent doses are required (Lederle Laboratories, Neptazane). Throughout 
the trial, 125 to 250 mg. Neptazane once daily reduced the ocular tension in 
most cases, although doses of up to 750 mg. daily were tried. Within these 
limits, the larger doses produced a greater effect on the tension, and no 
maximum dose was found. 

After administration, Neptazane is absorbed more slowly than Diamox 
from the alimentary canal, and it was found that the latent’ period in most 
patients lasted from 3 to 5 hours. In some cases it appeared to be shorter, 
but this was probably because the Neptazane happened to be given at a time 
when the tension was falling for other reasons. When the drug did not take 
effect in 6 hours, no subsequent decrease in tension occurred with that 
particular dose. Animal experiments (Langham, 1958) indicate that 
Neptazane by injection acts very rapidly, but we have not yet had the 
opportunity of testing human subjects in this way. 

The fall in ocular tension which followed a single dose generally lasted 
about 16 to 18 hours. This effect was relatively easy to assess in normal 
subjects and in some patients with glaucoma, but in others the large fluctua- 
tions in tension made it difficult to say when the drug was no longer taking 
effect. In some instances, the fall in tension following a single dose of 
Neptazane lasted for several days, but because the average duration of action 
was slightly less than 24 hours the proper spacing of repeated doses was 
difficult to assess. Single daily doses did not always keep the tension 
constantly normal, and when the Neptazane was given more frequently in 
amounts necessary to keep the pressure down all the time, some of the 
patients suffered from the cumulative effects of the drug. When single 
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doses were administered, the tension fell rapidly once the Neptazane began 
to take effect, but a correspondingly rapid rise usually occurred as the 
effect of the drug passed off. 


With repeated doses, it was found that Neptazane began to lose its effect 
after several days, even when the original response had been good. This 
occurred not only in narrow-angle glaucoma but also in simple glaucoma 
treated by Neptazane alone or in combination with miotics. 

Potassium salts are now often used in combination with Diamox in the 
hope of enhancing its action in long-term therapy, but in this trial, when it 
was given to patients in whom the tension was poorly controlled by Nepta- 
zane, no significant fall in tension followed. 

Although the toxicity of Neptazane is greater than Diamox weight for 
weight, its side-effects tend to be milder because of the smaller and less 
frequent doses. Even so, these side-effects were quite pronounced in several 
instances, although not severe enough to limit its use clinically except in the 
last patient. In Case 14, shortness of breath and palpitations on exertion, 
together with nausea and anorexia, combined to make the patient feel very 
miserable for several days. Nausea and vomiting occurred in another 
patient (Case 2) after a single dose of 250 mg., and also in Case 11 when 
750 mg. were given in one day. However, as high doses of the drug had been 
given for several days previously, some accumulation may have resulted. 
Mild paraesthesiae also occurred in three cases, and after several days’ 
treatment with high doses, three patients complained spontaneously of an 
unpleasant light-headed sensation, as if they were not completely in touch 
with their surroundings. These mild side-effects all disappeared within 
24 hours of discontinuing the Neptazane, but the severe symptoms took 
several days to resolve. 

Apart from these side-effects, no contraindications to the use of Neptazane 
were found during the trial. Our findings in the various types of glaucoma 
may be summarized as follows: 


Simple Glaucoma.—Since Neptazane may be given in smaller and less frequent 
doses than Diamox, one might conclude that it would find a wide application in 
the long-term treatment of simple glaucoma. The response to single doses was 
very encouraging, but as there were some doubts whether carbonic anhydrase 
inhibitors retain their effect on the intra-ocular pressure indetanitely, the last three 
cases are of special importance: 


Case 12 was that of a man whose glaucoma had been recently discovered and who had 
not been using miotics. In Cases 13 and 14 the glaucoma was not controlled by miotics. 
In Case 13 the miotics were continued in combination with Neptazane, and in Case 14 
they were stopped during the trial. In all three cases, Neptazane reduced the ocular 
tension to normal for a period of several days, but the tension then began to fluctuate 
and regained the original high level, and potassium bicarbonate had no significant 
effect. 
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This throws doubts on the value of Neptazane used either alone or in combina- 
tion with miotics in the long-term treatment of this disease. We have not yet 
carried out any comparable tests with Diamox. 





Acute Narrow-Angle Glaucoma.—In these cases the immediate aim in treatment 
is to reduce the tension to normal as rapidly as possible. Thus, because of its 
long latent period and also because of the possibility of the tablets being vomited 
oral Neptazane should not displace Diamox by injection as the drug of choice. 
The depth of the anterior chamber remained unaltered in all cases during the 
administration of Neptazane. Thus miotics must still be used to open the angle 
and facilitate the aqueous outflow (see Case 4). 

In animals (Langham, 1958) the intra-ocular pressure falls rapidly after Nepta- 
zane is given by injection, but it is suggested that its administration by this route 
would still be contraindicated in acute congestive glaucoma because of the long 
duration of its action. Thus, in cases in which early operation is undertaken, 
the long-continued suppression of aqueous formation may delay the reformation 
of the anterior chamber long enough to allow anterior synechiae to form, and the 
advantages of early operation will thus be jeopardized. For these reasons, it is 
possible that the shorter acting Diamox is superior to Neptazane in the treatment 
of acute congestive glaucoma. 


Secondary Glaucoma.—These cases showed a varied response and in general 
where Diamox had failed so also did Neptazane. However, because of the fewer 
side-effects, Neptazane may find a useful place in reducing the ocular tension in 
such cases until the primary cause can be dealt with. 


Summary 


(1) Neptazane is a long-acting carbonic anhydrase inhibitor, clinically 
active in doses of a half or a quarter of the necessary dosage of Diamox. 


(2) Its effects were tested in fourteen cases of glaucoma admitted to 
hospital. 


(3) After a latent period of 3 to 5 hours, single doses of 125 and 250 mg. 
lowered the intra-ocular pressure for at least 16 hours. 


(4) It is doubtful whether repeated daily doses will continue to control the 
intra-ocular pressure for more than a few days. 


(5) The place of Neptazane in the control of glaucoma is discussed. 


I should like to express my appreciation to Mr. S. J. H. Miller for encouraging me to undertake 
this study, and to Sir Stewart Duke-Elder for his advice. I am also indebted to the consultants 
of Moorfields Eye Hospital (High Holborn) who kindly allowed me to carry out these tests on 
their patients. The Neptazane was supplied by Lederle Laboratories, Ltd. 
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OBSERVATIONS ON THE FACILITY OF AQUEOUS 
OUTFLOW IN CLOSED-ANGLE GLAUCOMA*+} 


BY 


WALLACE S. FOULDS 
Addenbrooke’s Hospital, Cambridge 


In closed-angle glaucoma the darkroom test may be followed by a rise in 
ocular tension and a measurable fall in the facility of aqueous outflow. 

In an earlier communication (Foulds, 1956), it was suggested that this 
decrease in the facility of outflow was a more reliable guide to the occurrence 
of angle closure during the test, than the rise in ocular tension, particularly 
in early cases of closed-angle glaucoma, where a positive darkroom test 
was but rarely encountered. The value of similar outflow measurements 
in conjunction with the mydriatic test has recently been stressed by 
Becker and Thompson (1958). Further work on the effects of the dark- 
room test on the facility of outflow has confirmed the earlier opinion, and has 
also provided useful information about the state of the angle between 
hypertensive attacks. The results of this work are presented in this paper. 

For the purpose of the present study, a series of 42 normal eyes and a 
comparable{ group of 97 eyes affected by closed-angle glaucoma were 
submitted to the “darkroom outflow test”’. 





* Received for publication December 18, 1958. 

t Incorporating work carried out at the Glaucoma Clinic of the Institute of Ophthalmology, London; Director, 
Sir Stewart Duke-Elder 

t The 42 normal eyes used in this investigation were all carefully examined to exclude the 
presence of closed-angle or any other type of glaucoma. Each had a medium or wide angle, and 
normal media, fundus, and visual field. In none was there at any time any symptom suggestive 
of glaucoma. In the eyes affected by closed-angle glaucoma, the diagnosis was based on the 
presence of a narrow anterior chamber angle, together with a known hypertensive episode in 
either that eye or its fellow. The angles of these eyes were carefully examined, after the instillation 
of a miotic, if necessary, to exclude the presence of goniosynechiae. In order that the variance 
might not be minimized, only one eye, chosen at random, from each case, was used in the subse- 
quent analysis. The two series were comparable as regards age and sex. In the glaucomatous 
series forty were male and fifty-seven female, the sex distribution in the normal series being 
fourteen male and twenty-eight female. A x? test failed to reveal any significant difference between 
the two series in this respect (y2=0-77; n=1; P=>0-10). Similarly, no significant differences 
were found in the age distributions, within or between the two series of cases. In the normal 
series, the mean age of the males (56:2 years +16-7) was not significantly different from that of 
the females (60-9 years +11-7) (t=1-:05; n=40; P=>0-10). In the glaucomatous series the 
mean age of the males was 55:9 years +9:2 and that of the females 56:2 years +15-7. Again 
there was no significant difference between these figures (t =0-08; n=95; P=>0-10). Comparing 
the total mean age of all the normal cases (59 years + 13-5) with that in the glaucomatous series 
(56:1 years +10: %), it could be seen that both series were gine comparable in age distribution 
(¢=1-56; n=137; P=>0-10; F=1-35; m =41; m2 =96; P=>0-10). 
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Method 


The eye to be tested was anaesthetized by the instillation of two to three drops 
of 1 per cent. amethocaine hydrochloride. A drop of sterile liquid paraffin was 
instilled to protect the cornea. The ocular tension was measured with a standard 
Schiétz X-tonometer, and the facility of aqueous outflow was determined by 
tonography (Grant, 1951). The patient was then allowed to sit for half an hour 
in normal room lighting, and at the end of this period the ocular tension was again 
measured with the same tonometer. The patient was next seated in a dark room 
for one hour, being cautioned not to fall asleep. At the end of this hour the 
ocular tension was again measured and the facility of aqueous outflow determined. 
The initial measurements of ocular tension and aqueous outflow were made under 
similar conditions of artificial lighting and the final measurements were made in 
standard conditions of dim illumination. All measurements were made with the 
patient recumbent. 


Results 


Normal Eyes.—There was no significant change in the facility of outflow 
with the test, the mean change in outflow being Log 0-005, which is not sig- 
nificantly different from zero.* 


Glaucomatous Eyes.—The test resulted in a marked lowering of the facility 
of outflow, the mean reduction being approximately 50 per cent. of the 
initial figure (Log 0:271+0-253). This large change in the facility of outflow 
is significantly greater than that in the series of normal eyes. 

It was concluded that a positive result with the darkroom outflow test could 
be taken as a fall in the facility of outflow of more than Log 0-160 (i.e. 
approximately 30 per cent. of the initial outflow level), this figure being 
three times the standard deviation of the mean change in outflow found in 
normal eyes with the test. Of the 97 glaucomatous eyes tested, 67 per 
cent. gave a positive change in outflow with the darkroom test, while only 
30 per cent. gave a rise in ocular tension of more than 3 mm. Hg during the 
same test. This difference is significant. 

It may seem strange that a decrease in the facility of outflow should not 
always be accompanied by a significant rise in ocular tension, but it would 
appear that some little time is required for a rise in ocular tension to develop 
after closure of the angle of the anterior chamber. An attempt to verify 
this supposition was made by submitting some glaucomatous eyes to dark- 
room outflow tests of 15, 30, 40, and 60 minutes’ duration. Not many eyes 
were investigated, however, and statistical evaluation of the results was not 
possible. The results of this test are shown in Fig. | (opposite). In the eyes 
tested, a fall in the mean facility of outflow preceded the rise in ocular 
tension. 





* The change in outflow was expressed as a fraction of the initial outflow level and for convenience the analysis was - 
carried out on the difference between the logarithms of the first and second The mean mT 
in outflow in the normal series was Log 0-005 + 0-055, not significantly different from zero. (¢=0-14;n=41; P= >0-10). 

¢ (t=6:69; n=137; P= <0-001). 

t G2=24-6; n=1; P= <0-001). 
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Fic. 1.—Relative mean rates of change in ocular tension and aqueous outflow in eyes with closed- 
angle glaucoma subjected to the darkroom outflow test. There is a fall in the facility of aqueous 
outflow before the ocular tension rises. 


It is currently accepted that in closed-angle glaucoma there is an abnor- 
mally narrow angle which, on suitable provocation, closes, so causing an 
acute attack of glaucoma, but which remains open and functions normally 
between hypertensive attacks. 

It is also thought that chronic closed-angle glaucoma results from occlusion 
of the angle by goniosynechiae which have formed during earlier sub-acute 
hypertensive attacks leading to a permanent rise in the base pressure of the 
affected eye, cupping of the optic disc, and visual field loss. 

It has, however, been suggested (Phillips, 1956; Shaffer, 1956), that in this 
disease the angle of the anterior chamber may be progressively closed by 
contact between the root of the iris and the cornea, starting in the upper 
narrowest sector, and that an acute attack of glaucoma may eventually result 
from sudden closure of the small remaining open sector of the angle. It has 
also been shown (Foulds and Phillips, 1957), in some cases of chronic closed- 
angle glaucoma with permanently raised ocular tension and deeply cupped 
optic discs, that the angle is not necessarily occluded by goniosynechiae, but 
may be obstructed by reversible irido-corneal contact. 

Whether it is the exception rather than the rule that, in cases of closed-angle 
glaucoma, the angle is partly closed by an increasing degree of irido-corneal 
contact long before the disease becomes otherwise manifest is difficult to 
determine. Gonioscopy is less helpful than might be expected, as even 
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moderate degrees of contact may easily be missed because of the “ on-off” 
phenomenon (Smith, 1954), and because of the difficulty in determining 
whether a very narrow and apparently closed angle is, in fact, obstructed. 

The behaviour of eyes submitted to the darkroom test supports the view 
that partial obstruction of the angle may exist even in the presence of an 
apparently normal occular tension, for it has been shown (Foulds, 1957) 
that eyes with a “high normal” resting ocular tension are more likely to 
show a positive rise on provocation than eyes in which the resting tension is 
lower. 

The results of the present investigation were examined for evidence of 
obstruction of the angle prior to the darkroom outflow test, and to decide 
whether such obstruction, if present, influenced the result of the test. 

When the resting ocular tension in the group of normal eyes was plotted 
against the facility of aqueous outflow, no correlation could be demonstrated 
between these two factors.* This suggests that in the normal eye, as might 
be expected, the intra-ocular pressure is not governed solely by the level of 
aqueous outflow, but is probably determined by the random interaction of 
all the factors (inflow, outflow, level of capillary blood-pressure, scleral 
rigidity, etc.) which may influence it (Fig. 2). 
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Fic. 2.—Lack of correlation between ocular tension and facility of aqueous outflow in 42 normal 
eyes. (r= —0-178; n=40; P=>0-10). 


In eyes suspected of having closed-angle glaucoma, however, a definite 
correlation was found between the prevailing level of aqueous outflow and 
that of the ocular tensiont (Figs 3 and 4, opposite). In none of these 
glaucomatous eyes was the ocular tension at the time of measurement higher 
than 31 mm. Hg (Schiédtz), so that all may be regarded as having tensions 
within the normal range. As the glaucomatous eyes differed from those in 





* (r= -—0-178; n=40; P=>0-10). tT (r= -0-455; n=95; P= <0-001). 
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the normal series only in being affected by the disease, it is reasonable to 
attribute to the disease this relationship between ocular tension and outflow. 
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Facility of aqueous outflow (c) 
Fic. 3.—Correlation between ocular tension and facility of aqueous outflow in eyes with closed- 
angle glaucoma. Although the ocular tension is within normal limits in each case, the higher 
levels of ocular tension are associated with abnormally low values of aqueous outflow. The 
regression lines are superimposed. (r= -— 0-455; n=95; P= <0-001). 
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Fic. 4.—A comparison of the mean ocular tension at different levels of aqueous outflow in 42 


normal eyes (@) and 97 normotensive eyes affected by closed-angle glaucoma (x). In the latter 
group, lower values of outflow are present and a definite relationship exists between ocular tension 
and facility of outflow. This relationship is not found in the group of normal eyes. 


As it is known (Grant, 1951) that closure of the angle decreases the facility 
of aqueous outflow, it would seem likely that the increasingly low values of 
outflow factor found in affected eyes in which the ocular tension was nearing 
the upper limits of normality could also be explained by the existence in 
them of some degree of angle closure. This explanation is the more likely 
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when it is noted that low values of outflow factor, which were not found in 
any of the normal eyes, were not infrequently seen in glaucomatous eyes 
wherein the resting ocular tension was between 25 and 31 mm. Hg. In 
addition, a comparison of the mean level of aqueous outfiow in the group of 
normal eyes (c=0-19+0-046) with that in the whole group of glaucomatous 
eyes (c=0-168 + 0-058) shows that a significantly lower mean level of aqueous 
outflow was present in the group affected by the disease.* As the presence 
of goniosynechiae in these eyes had been ruled out, any closure of the angle 
which was present must have been due to contact and not to adhesion 
between the root of the iris and the cornea. 


If irido-corneal contact is present in some affected eyes, even where the 
ocular tension is apparently normal, one would expect such eyes to respond 
more readily to the provocative tests usually employed than would those 
in which such contact was minimal or absent. The results of the darkroom 
test, for instance, should be related to the pre-test outflow level. 

In the present series of glaucomatous eyes submitted to the darkroom 
outflow test, a rise in ocular tension of more than 8 mm. Hg was found in 
83-3 per cent. of those wherein the initial level of outflow was less than 0-12; 
a similar rise occurred in only 17-7 per cent. of those with a higher level of 
outflow (Table). 


TABLE 


RESULTS OF DARKROOM TEST RELATED TO THE RESTING LEVEL OF AQUEOUS 
OUTFLOW IN EYES WITH CLOSED-ANGLE GLAUCOMA 

















Result of Darkroom Test 
Facility of Aqueous Outflow No. of Eyes Positive Negative 
. No. Per cent. No. Per cent. 
Less than 0-12 .. us a 18 15 83-3 3 16-7 
Greater than 0-13 a ras 79 14 17:7 65 82:3 




















The darkroom test is more often positive when the facility of outflow at the start of the test is 
c=0:12 or less than when c=0-13 or more. (x2=25-85; n=1; P= <0-001). 


This difference is significant. The increasing incidence of positive results 
with the darkroom test with decreasing initial outflow levels is shown in 
Fig. 5 (opposite), where the percentage incidence of positive results with the 
test is classified according to the initially determined aqueous outflow level. 


To discover whether there was a definite relationship between the magnitude 
of the rise in ocular tension with the darkroom test and the facility of outflow 





* (¢=2-:06; n= 137; P= <0-05). t (x? =27-06; n=1; P= <0-001). 
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Fic. 5.—Results of darkroom test in relation to rest- 
ing facility of aqueous outflow in closed-angle glau- 
coma. The greatest incidence of positive results is 
seen when the initial level of outflow is below 
c=0:09. The initial ocular tension in each case was 
below 31 mm. Hg. Figures in brackets represent 
numbers of cases. 





at the start of the test, these two 
factors were determined for each 
of the 97 glaucomatous eyes 
tested and plotted against each 
other (Fig. 6). It was apparent 
that the lower the initial outflow 
level, the higher was the rise in 
ocular tension, there being a 
significant degree of correlation 
between the two factors.* 

A similar relationship was 
found to exist between the change 
in outflow during the period in 
the dark and the initial level of 
aqueous outflow.t This suggests 
that when the angle is largely 
obstructed prior to the test the 
remaining open sector of the 
angle is more sensitive to changes 
in illumination than is the case 
when all the angle is open. 
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Fic. 6.—Relationship between resting facility of aqueous outflow (c) and rise in ocular tension 
with the darkroom test in eyes with closed-angle glaucoma. Low initial levels of outflow are 
associated with greater rises in ocular tension than higher levels of outflow. The regression line 


is indicated. 





* (r= -0:322; n=95; P= <0-01). 





t (r= - 0-363; n=95; P= <0-001). 
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Discussion 


The evidence presented in this paper supports the view that the angle 
closure in closed-angle glaucoma is not usually an “all-or-none” pheno- 
menon but is a gradual process which eventually involves the major part of 
the angle, the rate of progress depending upon slow changes in the anatomical 
factors determining the width of the angle together with such secondary 
angle-crowding factors as may affect the eye from time to time. The rate 
of angle closure is greater on provocation (e.g. with the darkroom test) than 
in normal circumstances, but the production of an appreciable degree of 
angle closure, measured as either a rise in ocular tension or as a fall in the 
facility of outflow, still requires a considerable interval. 

During a provocative test, such a degree of angle closure would presumably 
be reached more quickly in eyes in which the angle was already partly 
closed, than in those in which it was unobstructed at the start of the test. 
This supposition is supported by the finding that eyes in which the initial 
facility of outflow is low more often give a positive result with the darkroom 
test and a greater rise in ocular tension (or a greater fall in the facility of 
outflow with the test) than those in which the initial outflow level is high. 

That a measurable degree of obstruction to aqueous outflow (and thus of 
angle closure) can be demonstrated in some eyes affected by closed-angle 
glaucoma, even where the ocular tension is still within normal limits, is of 
importance in the treatment of the disease. Thus an ocular tension within 
the normal range in an affected eye does not necessarily indicate that this 
tension is normal for the eye in question, or that the angle is fully open; 
for the progressive occlusion of the angle which occurs in this disease is 
accompanied by a slow rise in base pressure, which does not exceed the 
upper limits of normality until a considerable area of the angle is obstruct- 
ed. Gonioscopic examination of affected eyes suggests that an ocular ten- 
sion of 25 to 30 mm. Hg (Schi6tz) usually means that about one-quarter to 
one-third of the angle is closed. It follows that an ocular tension within the 
normal range should not be regarded as proof of the efficacy of miotic 
therapy unless it can also be shown that the angle is at the same time fully 
open in its whole circumference. If doubt exists on this point, a peripheral 
iridectomy is indicated, as the existence of even partial angle closure is 
likely to predispose to the formation of goniosynechiae converting a condi- 
tion readily amenable to surgical cure to one of organic obstruction of the 
angle which is by no means so easy to treat. 


Summary 


The changes in the ocular tension and facility of aqueous outflow which 
resulted from the darkroom test in 97 eyes with closed-angle glaucoma and 
42 normal eyes have been investigated. A positive decrease in the facility 
of outflow with the test (at least 30 per cent. of the initial outflow level) 











le 


of 
al 


ite 


i i 











AQUEOUS OUTFLOW IN GLAUCOMA 621 


occurred in 67 per cent., while a significant rise in ocular tension (more than 
8 mm. Hg) occurred in only 30 per cent. of the glaucomatous eyes. 

A definite correlation was found between the resting level of ocular 
tension and the facility of aqueous outflow in the glaucomatous eyes, but 
this relationship was not present in the normal eyes. The incidence of 
positive results with the darkroom and darkroom outflow tests was directly 
related to the facility of aqueous outflow at the start of the test. These 
facts may be explained by the presence in affected eyes of some degree of 
angle closure even when the ocular tension is apparently within normal 
limits. 

The significance of these findings is discussed in relation to the treatment 
of closed-angle glaucoma. 


I wish to record my appreciation of the helpful criticism given by Sir Stewart Duke-Elder, and 
to thank Mr. T. Tarrant, of the Department of Medical Illustration of the Institute of Ophthal- 
mology, for preparing the line drawings. 
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EPIPHORA 
A SYMPTOM OF EARLY HYPOTHYROIDISM * 


BY 


W. HAMILTON SMITH, K. G. HOWSAM, and J. J. BILLINGS 
Victorian Eye and Ear Hospital, Melbourne, Australia 


AMONG the many signs of hypothyroidism, puffiness of the eye-lids is a 
familiar feature of the facial appearance, but watering of the eyes is not 
usually reported as a prominent symptom. Recently we have seen five 
patients who presented to an oculist complaining of watering of the eyes in 
whom there was found evidence of hypothyroidism and whose symptoms 
were relieved by the administration of thyroid extract. In two other cases 
which presented to physicians, one of primary hypothyroidism and the other 
of hypopituitarism, watering of the eyes and puffiness of the lids were 
prominent symptoms which responded to’ treatment with thyroid extract. 


Case Reports 


Case 1, a married woman aged 62 years, reported to an oculist complaining of puffiness 
of the eye-lids for 2 years, especially in the mornings when the lids would stick together, 
and watering of the eyes, the left more than the right, for several months. 


Examination.—The eye-lids were considerably swollen, there was minor crusting of 
the lids, the conjunctivae were moderately oedematous, there was thinning of the outer 
half of the eye-brows, and the face was pale (Fig. 1). Direct questioning revealed a 
preference for hot weather and constipation for many years. The patient was moderately 
obese. The brachial arteries were sclerotic, the blood pressure was 145/110, and the 
haemoglobin 12-7 g. per cent. 





Fic. 1.—Case 1 before treatment. 


Treatment.—Thyroid extract was given, gr. 2 increasing to gr. 3 daily, and 3 months 
later the patient reported great relief of her symptoms. 





* Received for publication November 10, 1958. 
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Result.—The altered appearance of the eyes is shown in Fig. 2. 





Fic. 2.—Case 1 after 3 months’ treatment. 


Case 2, a married woman aged 42, reported to an oculist complaining of watering of the 
eyes and puffy and sticky eye-lids following sub-total thyroidectomy 10 weeks earlier. 


Examination.—The eye-lids were moderately puffy, with skin folds hanging from the 
upper lids (Fig. 3). On inquiry she stated that she “couldn’t stand the cold”’, had put 
on weight, and had become nervy and irritable. The skin was dry, the nails brittle, and 


the blood pressure 160/90. 









Fic. 3.—Case 2 before treatment. 


Treatment and Result.—After 3 months on thyroid gr. 3 daily the ocular symptoms 
were much improved and the swelling of the eye-lids resolved (Fig. 4) although the 


nervous symptoms persisted. 





Fic. 4.—Case 2 after 3 months’ treatment.- 


Case 3, a married woman aged 70 years, reported to an oculist complaining of watering of 
the eyes, especially the right, for several years. 


Examination.—There was fullness especially of the upper lids, oedematous conjunctivae, 
scanty eyebrows, and a full puffy face. Inquiry elicited a history of rheumatic pains in 
the back and fingers, worse in cold weather, and constipation for many years. The 
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patient was moderately obese, the voice was deep, head-hair and eye-brows were thinned, 
the blood pressure was 150/85 and serum cholesterol * 270 mg. per cent. (Fig. 5). 


Fic. 5.-—Case 3 before treatment. 


Treatment and Result.—2 weeks after starting thyroid administration the symptoms 
had improved and after 3 months on gr. 2 and later gr. 3 daily they had completely 


resolved. 


Case 4, a married man aged 62 years, complained to an oculist of watering of the eyes, 
especially the left, and of swelling of the eye-lids for 6 months. 


Examination.—The eye-lids were puffy, the conjunctivae moist, and the face ‘‘ pasty” 
(Fig. 6). 


Fic. 6.—Case 4 before treatment. 


The patient stated that he “always felt cold” and was constipated. He was short of 
breath on exertion, when he also experienced a constricting pain across the chest. He 
was moderately over-weight, the skin was dry, the vessels were moderately sclerotic, the 
blood pressure was 170/90, the serum cholesterol 395 mg. per cent., and the basal meta- 
bolic rate= minus 25 per cent. 


Treatment and Results.—After 4 weeks on thyroid gr. 2 daily the eyes were no longer 
watering and he felt “100 per cent. better”. However, the angina became more frequent, 
and when the dose of thyroid extract was reduced to gr. 1 daily there was some recurrence 
of epiphora. 


Case 5, a single woman aged 70, presented to an oculist with a 12 months’ history of 
watering of the eyes and sticking together of the lids in the mornings. 


* Serum cholesterol estimated by the Sockett method (King, 1951). 
Basal bolic rate d by the Benedict-Roth closed-circuit method. 
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Examination.—The upper and lower eye-lids were moderately puffy, the conjunctivae 
were moist, the eyes watering, and the eyebrows scanty (Fig. 7). The patient reported a 
tight pain in the chest, upper arms, and throat on exertion for 6 years, dyspnoea, cough, 
and palpitation on exertion, sensitivity to cold, and moderate deafness. The skin was 
dry, the blood pressure was 200/160, and there were moderate left ventricular enlargement 
and a grade 2 systolic bruit at the aortic area. The serum cholesterol was 340 mg. per 


cent. 


Fic. 7.—Case 5 before treatment. 


Treatment.—Because of the cardiovascular symptoms, only gr. 0:25 daily of thyroid 
extract was given and the dose was gradually increased to gr. 1 daily. 


Result.—After 8 months the patient reported “scarcely any watering of the eyes” and 
the lids were no longer sticky. However, there was some recurrence of the ocular 
symptoms when an episode of congestive failure and further chest pain prompted the 
patient to leave off the thyroid tablets. 


Case 6, a married woman aged 54, complained of swelling and watering of the eyes for 
several years, especially during the previous 3 months. 


Examination.—The eye-lids were swollen and the conjunctivae oedematous (Fig. 8). 


Fic. 8.—Case 6 before treatment. 


She had had a goitre at the age of 10 years, had put on weight from 10st. to 14st. 8 Ib. 
over the past few years, and had latterly noticed hoarseness of the voice especially in cold 
weather. The thyroid gland was impalpable, there was considerable obesity, the skin 
was dry and rough, there was moderate deafness, the blood pressure was 160/115, the 
serum cholesterol 390 mg. per cent., and the basal metabolic rate minus 18 per cent.. The 
electrocardiograph showed low voltage complexes with flat or absent T-waves. 


Treatment and Result.—After 5 months on thyroid gr. 2 initially, later gr. 3 daily, the 
ocular symptoms had resolved, the weight had fallen by 16 Ib., the serum cholesterol had 
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fallen to 220 mg. per cent., and the electrocardiograph had reverted to a normal pattern 
(Fig. 9). 


Fic. 9.—Case 6 after 5 months’ treatment. 


Case 7, a married man aged 62, presented with a history for 5 years of headaches, especially 
in the mornings, pain and stiffness of many joints, and watering of the eyes, especially in 
the mornings when the lids would be stuck together. He had undergone deep x-ray 
therapy to the pituitary for acromegaly 4 years earlier. 


Examination.—The patient stated that he had been shaving only every second day, 


he was constipated, and the voice was often husky. There was marked puffiness of the 
upper and lower eye-lids and considerable oedema of the conjunctivae. The outer half 


of the eye-brows was scanty, and the face and skin were generally pale (Fig. 10). Nutri- 
tion was above average, the thyroid was impalpable, and the changes of rheumatoid 


arthritis were evident in finger, wrist, and elbow joints. The blood pressure was 190/105, 
the haemoglobin was 12-6 g. per cent., and the red cells were hypochromic and micro- 


cytic, the basal metabolic rate minus 40 per cent., and the serum cholesterol 280 mg. 
percent. The electrocardiograph showed flat T-waves in lead AVL. 


ee 


Fic. 10.—Case 7 before treatment. 


Treatment.—Replacement therapy was begun with thyroid gr. 2 and cortisone 25 mg. 
daily. 


Result.—After 2 months the patient reported an increase in energy, loss of half a stone 
in weight, and that the eyes felt “‘ practically normal’’. 


Discussion 


With the exception of Duke-Elder (1952), who lists hypothyroidism as a 


cause of epiphora without specifying case reports or references, standard 
text-books on the diseases of the eye and the ocular manifestations of internal 


diseases do not include hypothyroidism as a cause of epiphora. How- 
ever, Gilbert (1953) recorded one case of myxoedema with epiphora. It 


has surprised us that in the course of 2 years four cases of epiphora 
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associated with evidence of hypothyroidism have been seen by one oculist 
(K.G.H.), the fifth case described here having been referred by another 
oculist. In each case investigation of the lacrimal apparatus failed to reveal 
any cause for the epiphora and local treatments were ineffective until relief 
was obtained by administration of thyroid extract. We conclude that it 
cannot be rare for patients with mild hypothyroidism to present in the first 
instance to oculists with a complaint of watering of the eyes, often associated 
with stickiness of the lids in the mornings, which will be refractory to any 
form of treatment other than the administration of thyroid extract. 

The observation most suggestive of hypothyroidism is puffiness of the 
eye-lids which may direct attention to the facial appearance as a whole— 
the placid, full face, pallor with or without malar flush, coarse features, and 
thickened skin. This swelling of the eye-lids was variable in degree, but was 
excessive in Case 2 where the appearance was that of “skin folds hanging 
down from the upper lids”; it caused another patient not reported in this 
series to complain of “eyes looking like cauliflowers”. The conjunctivae 
nearly always looked unusually moist and were sometimes obviously 
oedematous. Thinning of the eyebrows provided a clue to the diagnosis 
in four cases, but as a physical sign its value was limited in that it was 
absent in the other cases and is, moreover, common enough in people with 
normal thyroid function. 

Once suspicion of hypothyroidism had been aroused, direct questioning 
revealed other features—an earlier goitre or thyroidectomy, sensitivity to 
the cold, constipation, dryness of the skin, “rheumatism”, huskiness of the 
voice, deafness, or associated angina pectoris. F urther examination revealed 
one or more physical signs—moderate obesity, impalpable thyroid or 
thyroidectomy scar, deep husky voice, dry thickened skin, dryness and 
thinning of head hair, scanty axillary hair, moderate hypertension. How- 
‘ ever, the impression gained from this experience is that patients presenting 
with epiphora have only a mild degree of hypothyroidism, and the diagnosis 
must therefore be entertained in the absence of most of the classical 
symptoms and signs of the disorder. Presumably patients with more 
severe thyroid deficiency present elsewhere than to oculists. Little further 
investigation was practicable in this series, but the serum cholesterol level 
was found to be 300 mg. per cent. or over in three cases, over 250 mg. per 
cent. in two cases, and normal in another. The basal metabolic rate was 
minus 25 per cent., minus 18 per cent., and minus 40 per cent. in the three 
cases in which it was estimated. [In one case the electrocardiograph was 
typical of hypothyroidism and reverted to a normal pattern after treatment 
with thyroid extract. The patient with hypopituitarism (Case 7) showed 
most of the features of hypothyroidism and may be labelled as a case of 
“pituitary myxoedema”’. The ocular features were no doubt an expression 
of impaired thyroid function and they responded to thyroid extract given in 
conjunction with cortisone. 
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The most helpful confirmation of the diagnosis of hypothyroidism was 


relief of the ocular symptoms, together with loss or diminution of puffiness 
of the eye-lids, after the administration of thyroid extract; this sometimes 
occurred after months of ifieffective local treatments. Relief was obtained 
by a dose of 2 to 3 gr. thyroid extract daily, but in two cases only small doses 
of thyroid were tolerated because of associated angina pectoris and in these 
cases relief of the ocular symptoms was only partial. It is considered that 
angina is not necessarily a contraindication to a cautious trial of thyroid 
administration, because it has been our experience, and also that of Gold- 
smith and Stanbury (1955) and of Gibson (1958), that anginal symptoms 
may occasionally be ameliorated rather than aggravated by the administration 
of thyroid extract, provided the initial dose be small (e.g. 0-5 gr. daily), and 
increase in dosage gradual. 


Summary 


Five patients presented to oculists because of watering of the eyes which 
was associated with evidence of hypothyroidism and was relieved by thyroid 
extract. In two other cases, one of hypothyroidism and the other of hypo- 
pituitarism, which presented to physicians, epiphora and puffiness of the 
eye-lids were prominent symptoms which responded to thyroid extract. 


Our thanks are due to Dr. R. F. Lowe and Dr. D. A. Prentice, who referred cases to us, to 
the Chairman of the Repatriation Commission, for permission to publish Case 7, and especially 
to Mr. T. F. Cottier, clinical photographer at the Victorian Eye and Ear Hospital. 
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CASE NOTES 


HYDROA VACCINIFORME AFFECTING THE EYE* 
BY 


Ss. J. CREWS 
Moorfields Eye Hospital, London 


A CASE which has been observed over a period of 6 years is presented as a 
rare condition with certain features distinguishing it from previous cases 
described. 


Case Report 


A boy first attended the High Holborn Branch of Moorfields Eye Hospital in July, 1952, 
at the age of 6, on account of redness and discharge of the right eye accompanied by 
photophobia, these symptoms having been present for one week. He was seen to have a 
rash on the face and, on inquiry, the mother told us that it had been first noticed in early 
May of that year; furthermore, she thought there had been some transient rash during the 
Spring of the previous year. There was no similar trouble in the family. 


Examination.—There was a marked papular and vesicular eruption on the exposed 
portions of the face, mainly the cheeks, bridge of nose, and forehead. A few pustules 
were present and there was some flaking of the superficial epidermis. Considerable 
blepharospasm was present, and in the right eye there was ciliary injection, corneal 
oedema, and infiltration in an interpalpebral distribution with some ingrowth of deep 
vessels. 


Treatment.—The eye improved on atropine drops over the next fortnight but the 
trouble recurred in September, when both eyes became painful and injected; the patient 
was then found to have a bilateral keratitis which responded to local atropine and corti- 
sone in 2 weeks. : 


Progress.—During the winter the eyes remained quiet. At that time a diagnosis of 
interstitial keratitis was considered but blood Wassermann reactions on the child and 
mother were negative. 

The boy was next seen on April 7, 1953, when he had a central corneal ulcer in the right 
eye and an associated vacciniform lesion on the right lower lid margin. The cornea 
healed within 3 weeks on homatropine with cortisone drops and aureomycin ointment. 

There is no record of his attending again until April 16, 1955, when he was found to 
have an active corneal infiltration in both eyes which responded to similar local treat- 
ment in 3 weeks. At that time he was having chloroquine tablets from a dermatological 
clinic. 

He attended again on April 21, 1956, with an injected left eye, and was seen to have a 
marginal infiltrate at 8 o’clock on the cornea with some deep-vessel formation. This 
responded well to local treatment but he was kept on cortisone until October. That year 
it is noted that the onset of the facial eruption preceded the eye symptoms by 3 weeks. 





* Received for publication October 11, 1958. 
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Recent Examination—On May 3, 1957, he 
attended with a recurrence of activity in the left 
eye (Fig. 1). The visual acuity was recorded as 
right 6/9, left 6/36. In the right eye there was 
an old deep opacity in the central portion of 
the cornea with ghost vessel formation (Fig. 2). 
In the left eye a central superficial corneal abscess 
was present, also a few deep vessels, and a faint 
flare with a few cells in the anterior chamber 
(Fig. 3). 














Fic. 1.—Facial eruption in hydroa vacciniforme 
(May, 1957). 





Fic. 2.—Right eye showing resi- 
dual deep opacity of cornea 
(May, 1957). 





Fic. 3.—Left eye, showing super- 
ficial abscess, pannus, and deep 
opacity of cornea (May, 1957). 
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Result.—This condition in the left eye gradually.improved on gutt. atropine, with 
oculentum hydrocortisone, and chloramphenicol. 


Laboratory Investigations: 


1952 Blood Wassermann reactions and Kahn test oe and mother) .. Negative 
Repeat blood Wassermann reactions (patient) ne .. Negative 

1952-54 Blood and urine tests for porphyrins .. ae be Res .. None detected 
Screening test for porphyrins... we 5a Ss ny .. None detected 
Ehrlich’s test for porphyrobilinogen .. eS oy és .. Negative 


1954-57 Blood count normal 
Van den Bergh’s test negative to direct and indirect method 
Serum alkaline phosphatase 


Serum proteins Within normal limits 
Thymol turbidity 

Urine: Urobilinogen \ None detected 
Urinary porphyrins 


General Clinical Characteristics 


The general condition has been variously named in the past, being first described 
by Bazin (1862) as hydroa vacciniforme. Later, Hutchinson (1879, 1889) and other 
authors termed similar conditions summer eruption, prurigo aestivale, prurigo 
adolescentium, and acne prurigo. The tendency has been for very mild cases to 
be referred to as summer eruption, less mild cases as hydroa aestivale, and more 
severe cases as hydroa vacciniforme. Senear and Fink (1923) used the term 
hydroa aestivale for cases showing no scar formation and hydroa vacciniforme for 
those developing scars. It has also been suggested that these two conditions may 
vary in age and sex distribution. However, Mdller (1900), using experimental 
methods, produced lesions of different intensity by altering the exposure to ultra- 
violet irradiation, and most authors agree that the apparent difference in the two 
conditions is mainly one of degree. The sex incidence is usually described as 
greater in males, but, though this is true of the familial cases, they comprise only 
some 10 per cent. of the total and in the largest published series a preponderance of 
females is found in the proportion of two to one. 

The condition is that of a recurrent vesicular eruption, situated on the exposed 
cutaneous surfaces especially the cheeks, bridge of nose, ears, and backs of the 
hands. Usually commencing the third or fourth year of life, it gradually decreases 
in intensity up to puberty and then tends to disappear. It is found mainly in 
temperate climates and is most active in summer, occurring in successive out- 
breaks each lasting some 2 or 3 weeks. The causative agent is agreed to be actinic 
rays, with exposure to wind and extremes of temperature acting as subsidiary 
factors; some cases show recurrences in the winter during sunny weather when 
there is snow on the ground. The association with porphyrinuria has been 
shown in many cases, but more recently this has come to be regarded as a less 
important factor (Mathews, 1937). Ifit is present the urine may be wine-coloured 
and the teeth pink (erythrodontia). 

The eruption is preceded by an itching sensation, then a red macule appears with 
consequent vesicle or bullous formation. The larger vesicles often become de- 
pressed in the centre and form a crust resembling a vaccination vesicle; later pus- 
tules may develop. The duration of such a lesion from its commencement to 
crust formation is 3 to 4 days. 
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Ocular Manifestations 


There have been few descriptions of the ocular manifestations, the most detailed 
paper being that of Stokes (1940). Lesions of the lids usually occur as part of the 
facial eruption and, if severe, cicatricial ectropion may develop (Friede, 1921; 
Wendleberger and Klein, 1938). Chemosis may appear with vesicles on the con- 
junctiva which, on rupture, may expose the sclera, and sometimes even staphylo- 
mata may form. The corneal conditions previously described have either been 
associated with adjacent lid lesions or have developed as a primary type showing 
fine vesicles on the interpalpebral cornea leading to denuded areas of epithelium 
and consequent vascularization. 

In the differential diagnosis, dermatitis herpetiformis, lupus erythematosus, 
erythema multiforme, and pemphigus must be considered, but the characteristic 
distribution, age incidence, and limitation of the recurrent attacks to the late 
spring and summer should make for an easy diagnosis. 
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Treatment 

This is a self-limiting disease. During the active phase protection from sun- 
light and hot winds by means of special clothing is important; wide-brimmed hats, 
high-necked dresses, and long sleeves are all helpful. Various protective lotions 
and creams have been devised, varying from simple oily lotions and lanolin to 
ointments containing quinine or aesculin to arrest actinic rays. Also creams 
containing disodium naphthol sulphonate, which absorb ultra-violet radiation, 
may be useful. Mepacrine and chloroquine administered orally can be effective, 
and more recently local corticosteroids have been used, but are not always so 
successful as one would hope. 

Discussion . 

The case described demonstrates certain interesting features. The 
regularity of onset each year can be explained by the normal seasonal 
increase in exposure to actinic rays. It was proposed that one derma- 
tological clinic should attempt to identify the exact wavelength responsible 
for the eruption. However, Blum (1941) and Epstein (1942), in their 
cases, found that there was no specific wavelength as the prurigo was pro- 
voked by more than one spectral region. Epstein, in describing the patho- 
logical reactions to light, found that in the experimental provocation of 
prurigo in these cases there must always occur an initial erythema and that 
the intensity of the eruption was proportional to the degree of erythema. 
That ultra-violet was not essential he showed by producing a rash with yellow- 
red light and even by alpha radiation. With regard to the close connexion 
with porphyrinuria, Blum and Pace (1937) showed that exposure to. wave- 
lengths to which porphyrins are known to sensitize the tissues (3,000-4,500 A) 
did not generally produce lesions in hydroa vacciniforme. The mechanism 
of production of lesions, Blum suggested, was that of photo-allergic sensi- 
tivity, and he differentiated it from the photo-toxic reaction which is non- 
allergic and is seen in the sunburn and primary sulphonilamide response. 
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The hypothesis in the former process is that a pro-antigen is present in the 
tissues and is converted by light into the antigen; antibody formation is 
stimulated which may be fixed or circulating and in some cases the antibody 
can be passively transferred to a donor. 

It has already been mentioned that two types of keratitis have been 
described in hydroa vacciniforme, a primary type and one secondary to 
adjacent lid lesions. The present patient has shown both these types on 
different occasions. In the primary type the interpalpebral distribution, 
together with the fact that the lesions were distributed throughout all layers 
of the cornea, might support the hypothesis that there is present in the 
cornea a photosensitizing substance. The deep keratitis was recognized to 
be very similar to typical interstitial keratitis, in which condition many 
believe that a “‘toxin” is elaborated by the spirochaete or other causative 
organism which sensitizes the cornea to some stimulus, either endogenous 
or exogenous. 

The delay noted in this case between the onset of the eye condition after 
the appearance of the rash on the face could be due to the protection afforded 
by the lids; photophobia appears to be present even when the eyes are 
clinically quiet. In the secondary type of keratitis time would have to 
elapse for the development and possibly secondary infection of the lesions 
on the lids. Certain pigments have been found that sensitize normal tissues 
to light; these include eosin, fluorescein, bengal rose, and haematopor- 
phyrin. It is questionable, therefore, whether fluorescein or bengal rose 
should be applied repeatedly to the eyes in cases of hydroa vacciniforme to 
detect epithelial damage of the cornea. 


Summary 


A case of hydroa vacciniforme is described, which has shown types of 
corneal involvement over the period of 6 years in which the eruption has been 
active. At times the appearance closely simulated interstitial keratitis. 
The condition is reviewed and the aetiology of the separate lesions is dis- 
cussed. 


I am most grateful to Mr. J. R. Hudson for permission to report this case and for his en- 
couragement in doing so. I should also like to acknowledge the assistance of the Pathological 
Department of the Children’s Hospital, Great Ormond Street, and the St. John’s Hospital for 
Diseases of the Skin, in providing the results of pathological investigations, and the Medical 
Illustration Department at the Institute of Ophthalmology in preparing the photographs. My 
thanks are also due to Prof. Norman Ashton for his interest and to Miss D. J. Stiles for secretarial 
help. 
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DEGENERATIO PUNCTATA ALBESCENS* 
BY 


LOUIS MEYERSON 
Johannesburg, South Africa 


THIs condition was first described by Mooren (1882), since which date about 
fifty cases have been described in the literature. It is closely related to 
primary pigmentary degeneration of the retina, but has some fundamental 
differences. Duke-Elder (1940) describes it as ‘‘a familial disease of a 
degenerative type, commencing usually in early life, characterized by the 
presence of innumerable discrete white dots scattered over the whole fundus 
without pigmentary changes, and usually non-progressive and stationary”’. 
Although the disease is usually congenital or starts in very early life, a case 
was reported by Henderson (1934) which was first noted at the age of 17 
years, after an attack of Vincent’s angina. It is a familial disease, but has 
never been seen in more than one generation. A history of night-blindness 
and the presence of primary pigmentary degeneration in the same family is 
common. 

Night blindness is usually congenital and sometimes depends more on a 
retardation of adaptation than on the lowering of the light threshold. A 
peripheral contraction of the visual fields most marked in dim light is present 
in more than half the cases, and central vision is good because the condition 
usually remains stationary. The fundus is peppered with discrete white 
dots which may be observed by the direct method of ophthalmoscopy. These 
dots lie deep to the retinal vessels, and are scattered all over the fundus, 
except for the foveal region. The pathology is unknown. 


Case Report 


A woman aged 48 years, of Portuguese descent, presented with difficulty with near vision 
for the past 8 years. She was unable to see well for the first hour of darkness, and the 
last symptom had been present since infancy. Her general health was good. 


Family History.—The members of her family were very conscious of their disability to 
see adequately in dim light. Because of this trait, it was their custom to test their children 
with a white flower at dusk to ascertain whether they were affected or not. Although only 
the patient and her daughter had an ophthalmic examination (the others living in Madeira), 
this stigma was so well known that an accurate record was obtained of all those affected 
with one hour of night-blindness. The affected members were also stated to have blue 
irides (Fig. 1). 





* Received for publication November 14, 1958. 
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Night blindness, blue iris, and degeneratio punctata albescens. 
O Normal eyes. Brown iris. 


Fic. 1.—Pedigree, showing association of night blindness with blue irides. 





Examination.—The outward appearance of the eyes was normal. The irides were blue. 
Scattered throughout both fundi were innumerable whitish dots, some of which had 
coalesced to form a dumb-bell shape. These dots lay deep to the retinal vessels (Fig. 2). 
Pigmentation was absent, but the vessels and disc were normal. 


Fic. 2.—Appearance of the right fundus. The 


dark areas in the photograph are due to chromatic 
error. Photographs of the left fundus were 


similar. 
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The visual acuity in each eye was 6/18, improved to 6/6 with + 1-25 D — +0:25 Dcyl. 
With an additional 1.25 D sph. to each eye the acuity was J.I. 

The ocular tension was normal. 

The visual fields showed slight peripheral constriction (Fig. 3). 


Lefe Right 


1/330 White 





Corrected visual acuity 6/6 left and right 


Fic. 3.—Visual fields, showing peripheral constriction. 


Laboratory Investigations —No sugar or albumin was present in the urine, and the 
Wassermann reaction was normal. 


Summary 


A case of degeneratio punctata albescens, with an interesting family 
history of retardation of dark adaptation and peripheral constriction of the 
visual fields, is described. 


REFERENCES 


DUKE-ELDER, S. (1940). ‘“*Text-book of Ophthalmology”, vol. 3. Kimpton, London. 

HENDERSON, R. H. (1934). Arch. Ophthal. (Chicago), 11, 763. 

a i ag “‘Fiinf Lustren ophthalmologischer Wirksamkeit”, p. 216. Bergmann, 
iesbaden. 








Brit. J. Ophthal. (1959) 43, 638. 


SNAKE VENOM CONJUNCTIVITIS* 


BY 


M. J. GILKES 
Brighton 


THE relative mildness of this case is thought to be of interest. 


Case Report 


A Mandinka adult male was clearing scrub in a garden near Bathurst, Gambia, when he 


felt a spray over the left side of his face and left eye while bending down. This had come 
from a snake about three feet away from him, which then disappeared; from the descrip- 


tion it seemed to be a cobra of the species Naja (Naja nigricollis). 

The man immediately attended at a clinic and was examined about half an hour after 
the incident. He did not appear to be in any great discomfort, but the left eye was 
injected. The conjunctival vessels were prominent in the palpebral fissure but appeared 
to be normal beneath the upper lid. There were a few small haemorrhagic areas on the 
outer side but these may have resulted from rubbing the eye. The cornea appeared clear 
macroscopically but slit-lamp examination showed an appearance of nummular “ mutton- 
fat”’ superficial punctate keratitis. Treatment consisted of irrigation, the instillation of a 
few drops of decicaine, and the application of penicillin-streptomycin ointment. 

Contrary to expectation, the next morning the eye appeared almost normal and no 
further treatment was given. 


Discussion 


In contrast with the case reported by Ridley (1944), the signs and symptoms 
were extremely mild. It might be thought that this was because only a 
small quantity of venom entered the eye, or because it was well diluted. 

However, on inquiry, it appears that this type of accident is by no means 
uncommon in the Gambia, especially at certain seasons, and is regarded 
with slight concern by the population. The after-effects are minimal and 
systemic effects are rare. Where these have occurred they are attributed to 
absorption through cuts in the face (e.g. after shaving). 

The corneal lesions were not unlike those seen after the instillation of 
detergents or Cetavlon in excessive strength into the eye, and this is consistent 
with what is known of the composition of cobra venom. 

The question of how the snake spits raises problems which have been 
fully discussed by Ridley. It would seem that the range of attack has 
usually been considerably overestimated. Careful questioning elicits the 
information that the victim is nearly always bending down when the face is 





* Received for publication May 7, 1959. 
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hit. Again it is doubtful whether the snake aims, as is often alleged, 
specifically at the face; it rather spits in the general direction of a larger and 
frightening object, the whole process being one of evasive defence rather 
than of offence. The frequency of “‘near misses”, with no further attack 
by the reptile, appears to bear this out. 

In the absence of open wounds or granulating areas there appear to be no 
indications for the use of antivenene, simple irrigation and the application 
of bland ointments to the affected eye being all that is required. 


The case reported was seen during the course of a study visit to the Medical Research Council 


Laboratories, Fajara, Gambia, the assistance of whose Staff, Director, and Head African Tech- 
nician, Mr. A. K. Rahman, are gratefully acknowledged. 
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BOOK REVIEWS 


L’Année thérapeutique et clinique en ophtalmologie. Vol. 9. Ed. G. E. JAYLe and A. 
Dupols-PouLseN. 1958. Pp.420. 21 figs. Bibl. Marseille, Librairie Fuéri Lamy. 

This ninth volume is devoted to a full discussion of some of the complications which 
may arise during ophthalmic surgery and many of those which may follow it; the contri- 
butions have been made by many European ophthalmologists of standing. The subjects 
dealt with include the post-operative behaviour of the visual fields in glaucoma, post- 
operative detachment of the choroid, prolapse of the iris, infection of the globe, psychic 
disturbances, intra-ocular haemorrhages, drawing of the pupil into the wound after 
cataract surgery, the factors influencing the cicatrization of corneal wounds, post-operative 
uveitis, corneal oedema, epithelial cysts, failure of the anterior chamber to re-form, post- 
operative hypertension, and post-operative death. 

An interesting section deals with the maladie opératoire—the whole gamut of distur- 
bances to the physiology of the eye which may follow surgical intervention. Other 
sections deal with the post-operative complications of buphthalmos, the development of 
cataract after fistulizing operations, the occurrence of retinal detachment in aphakia, 
haemorrhages and loss of vitreous during the operation for cataract, the complications of 
Strampelli’s operation for the introduction of an acrylic lens into aphakic or myopic eyes, 
and the vexed question of phako-anaphylactic inflammation. 


When to Treat—What to Do? Office Treatment of Amblyopia. By A. BANGERTER and 
M. STEIDELE. 1959. Pp. 43, 6 figs. Zehnders, St. Gallen, Switzerland. 
The English text of the original German pamphlet “Wann-Was’’, which was published 
in 1958 and was reviewed in the Brit. J. Ophthal. (1959), 43, 122. 


NOTES 


NATIONAL COUNCIL TO COMBAT BLINDNESS 


The National Council to Combat Blindness, Inc., announces 1959 Fight For Sight 
awards to medical colleges, hospitals, research centres, and individual investigators 
totalling $160,000. These awards include 26 grants-in-aid, eight post-doctoral fellow- 
ships, two pre-doctoral fellowships, twenty summer student fellowships, and three awards 
in support of clinical service projects. 

Fight For Sight grants-in-aid and full-time research fellowships are generally awarded 
for a period of one year and may be renewed with the approval of the National Council 
to Combat Blindness’ Scientific Advisory Committee. 

Student fellowships are awarded for periods of 2 or 3 months. 

January 1, 1960, is the closing date for receipt of applications for the 1960-61 group 
of awards from applicants not requesting renewal support. Candidates (other than 
those applying for student fellowships) who wish to apply for continuation support are 
requested to do so not later than March 15, 1960. 

Appropriate forms may be obtained from: The Secretary, National Council to Combat 
Blindness, Inc., 41, West 57th Street, New York 19, N.Y., U.S.A. 


CORRIGENDUM 


In the article by Stewart Munro entitled ‘‘Fundus Appearances in Acute Dermatomyositis” 
(Brit. J. Ophthal., 1959, 43, 548): 
Page 551, Fig. 1b: for 1959, read 1957. 
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COMMUNICATIONS 


FIBROSING RESPONSE TO AQUEOUS* 
ITS RELATION TO GLAUCOMA 
BY 


E. EPSTEIN 
Johannesburg, Union of South Africa 


SIMPLE open-angle glaucoma in the South African Bantu races is an even 
graver disease than in Europeans. Should the disease progress, as it usually 
does, so that drug therapy no longer controls the pressure and surgery 
becomes inevitable, the results of drainage operations are strangled by the 
relatively rapid fibrosis that develops. Generally this has been attributed 
to the keloid tendency of these races. Thus the very surgical trauma in- 
volved in raising a conjunctival flap seemingly automatically condemns the 
operation to failure. 


In the hope of obtaining drainage with the minimum of trauma, the following 
method was devised. Polyethylene (polythene) tubing was drawn in a hot oven to 
capillary dimensions. It was then thin enough (about 0-15 mm. in diameter) to 
pass easily through a No. 26 hypodermic needle. The actual bore of the capillary 
cannot be discerned with the naked eye but becomes obvious when it is filled with 
a coloured liquid or examined microscopically. 


The shaft of a No. 26 hypodermic needle with the hub removed and 
additionally sharpened to have a fine triangular cutting point was soldered 
to the end of an old cataract knife-handle to form a slightly obtuse-angled L. 
A well-fitting stylet acted as a plunger, so that a short length (8 mm.) of the 
polythene capillary in the needle could easily be expressed. 

It is a relatively simple procedure to pierce the conjunctiva about 8 to 
10 mm. from the limbus and gather it on to the needle. The point then 
engages the sclera a few millimetres from the limbus, and penetrates the 
anterior chamber (A.C.) in the angle just anterior to the iris. With sufficient 
of the needle point in the A.C., the stylet plunger is depressed until about 
2:5 mm. of the polythene projects from the needle. Then, as the latter is 
withdrawn, the internal lips of the limbal wound grip the polythene, retaining 
it in situ. Thus a section of about 2 mm. projects into the A.C., 2 mm. lies 
within the limbus, and the rest is subconjunctival. Fixation of the globe is 
best obtained with a double-fixation forceps (e.g. Monnoyer). The immediate 
effect is the formation of a subconjunctival bleb, the A.C. being retained. 

Experiments in rabbits showed that short lengths of polythene placed 
subconjunctivally caused no reaction whatsoever either macro- or micro- 
scopically. When the polythene was introduced into the A.C., a subcon- 
junctival bleb formed but this had disappeared by the following day. Again, 
however, there was no reaction. The cessation of drainage was considered 


* Received for publication March 2, 1959. 
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to be due to the normally very high fibrinogen content of rabbit aqueous 
which would naturally lead to clotting and block the tubing. 

When it was ascertained that the tubing itself caused no harm, a capillary 
was introduced into the A.C. in a European patient with absolute glaucoma 
who had requested enucleation because of the pain. A large diffuse bleb 
formed. A small piece of tubing, about 4 mm. long, was also introduced, 
subconjunctivally only, into the opposite fornix. There was no untoward 
reaction to the polythene and the following day the eye was white and the 
drainage bleb was very satisfactory. The ocular tension, which had risen 
to over 90 mm. Hg, dropped to between 15 and 20 mm. Hg, and the result 
was most gratifying. After one month the eye was still draining very well 
and with everything seemingly satisfactory this operation was performed on 
the worse eye of an African native with advanced glaucoma. Again the 
immediate result was most pleasing. After a few months, however, it 
became obvious that the bleb was more circumscribed and tenser, and after 
a further month it had become solidified and thereafter contracted. The 
ocular tension rose and other procedures had to be tried. In the European 
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Fic. 1.—Tunnel through limbus. The polythene has been dissolved or displaced during prepara- 
tion of the section. The tunnel is lined by ? endothelium ? fibroblasts. There are no inflamma- 
tory reactions. 
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the same changes occurred, and with the rise in tension and return of pain 
enucleation was again requested. 
Fig. 1 illustrates the freedom from reaction round the tube in the limbus. 








Fic. 2(6).—Similar subconjunctival reaction in the African native. The: 
polythene and fibrous nodule were easily removed when other procedures 
were tried to relieve the raised ocular tension. } 


Fig. 2 shows the fibrosis round the subconjunctival end of the capillary. 
In the preparation of the sections the polythene is dissolved or displaced. 
Sections of the region where the small fragment of tubing had been intro- 
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duced, subconjunctivally only, showed no reaction and it was difficult to 
decide where the polythene had been, only a small gap being observed. 

From these observations it is concluded that the aqueous excited a prolifera- 
tion of fibroblasts which gradually thickened the walls of the bleb, then 
bridged the gap, and eventually sealed the end of the polythene capillary. 
The same result occurred in three other cases, including one of neglected 
acute glaucoma originally produced by acute angle closure. This suggests 
that the aqueous in open-angle glaucoma is not especially deficient in a 
possible fibrolytic enzyme. 

In another case of painful absolute glaucoma in which the patient had 
requested enucleation, two polythene capillaries were inserted through a 
cyclodialysis approach by means of a similar introducer but with a blunt 
cannula, to try to establish drainage between the A.C. and the suprachoroidal 
space. To avoid probable haemorrhage into the A.C. by the sudden 
complete decompression of the eye, which would most likely occur with this 
type of operation, the pressure was first reduced very gradually by the slow 
aspiration of fluid from the eye by means of a very fine needle. Within a 
few days of the operation the pressure began to rise and after 4 weeks the 
eye had to be enucleated, the tension being as great as ever. Before the 
rising pressure clouded the cornea, the parts of the tubes visible in the A.C. 
were noted to be patent on slit-lamp examination. After enucleation, the 
A.C. was opened and one polythene tube was withdrawn. The posterior 
part of this tube was also found to be patent. The failure of drainage 
suggests either that there was obstruction round the end of the tube or that 
this route did not favour rapid enough absorption and therefore adequate 
drainage. Serial sections showed a few foreign-body giant ‘cells in the 
ciliary body in the region of the scleral spur round the passage of the poly- 
thene, but further posteriorly, in the suprachoroidal space, where the ends of 
the polythene tubes were expected to have been, no reaction, fibrosis, or other 
cause of obstruction was found (Fig. 3, opposite). 

In two other cases of advanced glaucoma, the same procedure was tried 
without success. It was therefore concluded that the success of cyclodialysis 
in some cases of glaucoma is not due to aqueous absorption via the supra- 
choroidal space. Hydrostatically one would not expect the aqueous to 
penetrate any distance into this space, as the pressure within the vitreous 
would maintain the choroid in apposition to the sclera at the same or even at 
a slightly higher pressure than that of the aqueous in the angle trying to enter 
a dialysis cleft. Furthermore, the prolonged persistence of choroidal 
detachment that can occur suggests that this is not a very good absorptive 
surface. The most likely mechanism is the breaking of peripheral anterior 
synechiae and the re-establishment of the normal drainage mechanism, 
whence its greatest value in glaucoma after cataract surgery. 

The fibrosis of the subconjunctival bleb as described above is probably 
comparable with the subcutaneous thickening that follows long-standing 
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Fic. 3(a).—Suprachoroidal space, showing foreign-body giant-cells round 
the polythene passage in the region of the scleral spur and anterior peri- 
pheral iris synechia. Further posteriorly no reaction is visible where the 
polythene must have been. 





Fic. 3(6).—Short oblique section of polythene is visible, but is displaced a 
little and has disrupted the adjacent tissue—an artefact caused by the 
sectioning. 


lymphoedema, as occurs in elephantiasis and sometimes after surgical block- 
dissections. 

The persistence of a bleb after drainage operations such as trephining and 
iris inclusion can only be explained by the growth of endothelium to line the 
cavity, at least in part. The absorption of fluid from such a cavity will 
depend upon the fortuitous connexion with aqueous veins, and upon the 
slow diffusion through the endothelial lining and tissues as occurs with 
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normal lymph flow. The contraction of the bleb that always occurs after 
drainage operations shows how slowly the endothelium lines the cavity. 
The subsequent extension of a thin bleb on to the cornea, or its generalized 
thinning, indicates the failure of absorption and the stretch that occurs as 
the pressure rises. The bleb then probably acts as a small saccular 
“aneurysm” of the A.C. that distends easily with rises in tension and 
obviates the adverse effects of this pressure on the circulation and structures 
in the nervehead. 

In cases in which a trephine ceases to drain, therefore, the blockage is 
produced by fibrous tissue forming on top of the opening and eventually 
capping and corking it rather than by a circumferential proliferation from 
the wall of the trephine strangling the gap. Several cases of trephines that 
had ceased draining, with resultant rising ocular tension, have been relieved 
by introducing subconjunctivally, some distance from the original trephine, 
a fine needle knife (e.g. Grieshaber’s), and by carefully cutting and separating 
the conjunctiva from the sclera. In this way the trephine has been reopened 
and good drainage has been restored and maintained for, so far, more than 
a year. 

It also seems immaterial how the drainage opening through the limbus 
is made (trephine, punch, cautery, etc.), provided it is large enough to allow 
what must be the slow growth of endothelium to line the cavity. Likewise 
the value of gonio-puncture probably lies in the fact that it acts as a small 
goniotomy. It is also possible that a subconjunctival aqueous leak may 
play some part in the growth of pingueculae and pterygia once the abnormal 
change in the elastic and collagen tissues in these sites has occurred. I have 
frequently noticed the ooze of aqueous from largish vessels as pterygia have 
been dissected from the limbus, whereas this is seldom noted when raising a 
conjunctival flap well on to the limbus as is my wont in cataract surgery. 

The failure of goniotomy in adults in cases of open-angle glaucoma 
suggests that the fault does not lie in the trabecula. Any defect in the 
endothelium of Schlemm’s canal and its efferent vessels would favour 
fibrosis and obstruction of the lumen by the aqueous action on the surround- 
ing tissues. The efferent vessels, being much smaller than the canal, are 
thus likely to be blocked sooner than the canal itself. With the hope of 
establishing new aqueous capillaries the following procedure was carried out: 


A broad conjunctival flap based and extending well on to the limbus was raised 
in the upper hemisphere. A deep trough about 5 mm. wide and extending from 
3 to 12 to 9 o’clock was then dissected in the sclera overlying and posterior to the 
region of Schlemm’s canal. As the tissue was removed it became obvious that 
more and larger aqueous vessels were being opened. The dissection was continued 
until the general examination and focal slit illumination indicated that only a 


very thin layer remained. The conjunctiva was then replaced and carefully 
sutured with 6x0 catgut. The patient was an African with very advanced 
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glaucoma. Pre-operatively the cornea was slightly hazed and the tension was 
70 mm. Hg which miotics and Diamox could reduce only to 40 mm. Hg. One 
week post-operatively the pressure measured 15 mm. but after 2 months it had 
risen to 30mm. The lower hemisphere was then done, and the pressure has since 
remained at about 20 mm. This patient has now been observed for 7 months 
since the second operation. The troughs have partly filled in but, as anticipated, 
there is a marked increase in new blood capillaries. Most of these have now closed 
but several large aqueous veins can be seen in regions where they are not usually 
observed. One also gets the impression that the anterior chamber is slightly 
deeper. This probably is to be expected. The deep lamellar dissection overlying 
the angle would favour a slight ectasia. This would put the trabecula on the 
stretch which in turn would open the spaces of the meshwork and also allow 
Schlemm’s canal to balloon out. It is obvious that during the dissection the 
greatest care must be taken not to enter the anterior chamber. 


Although this record is of one case only, it is considered worth reporting 
so that others might try the procedure. 


Summary 


Observations in cases of very advanced glaucoma treated by means of 
capillary polythene tubing extending from the anterior chamber (A.C.) to 
the subconjunctival tissues indicate that the aqueous stimulates a fibrotic 
response in the subconjunctival tissues. The failure of drainage by means of 
a polythene tube from the A.C. to the suprachoroidal space suggests that 
cyclodialysis when successful is probably re-opening an occluded angle. A 
possible association between subconjunctival aqueous leaks and the growth 
of pterygia is suggested. Deep lamellar sclerectomy overlying Schlemm’s 
canal is suggested as a means of stimulating the formation of new aqueous 
canals. 


I wish to express my gratitude to Prof. J. Gillman of the Department of Physiology, University 
of the Witwatersrand, for giving me facilities for the experimental work on rabbits, to Dr. 


Christine Gilbert for permission to use the Histology Department, and to Mr. S. Dry for preparing 
the sections and micro-photographs. 


ADDENDUM 


Since this paper was submitted for publication, five more eyes with raised 
tension have been treated with the paralimbal lamellar sclerectomy. In four, one 
hemisphere only was done, and in all a normal tension was achieved. One had 
had a filtering sclerotomy that had ceased to drain within a month. The fifth 
case was that of a young man who had been suffering from intractable glaucoma 
for 6 months, which had followed a traumatic cataract treated with discission and 
curette evacuation. Miotics, Diamox, and cyclodialysis had failed to control 
the tension. The upper hemisphere was done first and after one week the lower 
hemisphere was also done because the tension appeared to be rising. The eye is 


now hypotonic and the patient is symptom-free. 
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BINOCULAR MECHANISMS IN SMALL-ANGLE 
STRABISMUS* 


BY 


A. STANWORTH ann DAPHNE DA CUNHA 
University of Manchester and Manchester Royal Eye Hospital 


TuE purpose of treatment of all patients with strabismus is to reduce the 
angle of deviation to the smallest possible value and to develop the co-opera- 
tion between the eyes to the highest possible degree. Normal binocular use 
of the eyes may be achieved in patients with fully accommodative squints of 
late onset and relatively short duration, but this is not always the case even in 
patients who show strong fusion and stereopsis on the major amblyoscope. 
A certain number.of such patients have a definite slight deviation on cover 
test at al) distances; others have a manifest deviation for one distance only, 
arousing the suspicion that binocular vision may not be perfect even at those 
distances at which the cover test reveals no deviation; the subsequent history 
may demonstrate a tendency for the strabismus to recur; and in others the 
depth perception may be surprisingly poor (Naylor, Shannon, and Stanworth, 
1956). 

One possible obstacle to perfect binocular vision in such patients is abnor- 
mal retinal correspondence with a very small angle of anomaly; this may be 
very difficult to detect and to interpret, so that there is little unanimity of 
opinion regarding its importance. There is no doubt that a number of 
patients with small-angle strabismus show, on a variety of tests,.a difference 
between the objective and subjective angles of squint (Jampolsky, 1951; 
Levinge, 1953), but this in itself does not prove that abnormal retinal corres- 
pondence is present during everyday use of the eyes, and some surgeons 
(e.g. Cashell, 1954) consider that a more likely explanation of the condition 
is that an abnormally large degree of fixation disparity is present. Fixation 
disparity, which is a normal condition in most subjects with heterophoria, is 
a minute strabismus occurring in binocular single vision, the slightly disparate 
images from the two eyes being nevertheless fused to give binocular single 
vision. An obvious deduction is that patients who have apparently had 
their squint cured may in fact be left with fixation disparity and a squint 
which, though small, is nevertheless of clinical significance. Careful perfor- 
mance of the “cover-uncover’’ test has indeed shown that some such patients 
have a small manifest deviation, sometimes described as a “‘flick’’. Others 
show the even more characteristic partial recovery of the squinting eye 
towards the straight position; the small degree of convergence still remaining 
will be seen if the other eye is then covered, for the squinting eye -will then 
make a further movement to take up fixation. Since these movements may 
be small, it is conceivable that some patients may have fixation disparity of 


* Received for publication November 26, 1958. 
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clinical significance which is not detectable on cover test, for movements of 
less than two dioptres are not readily visible even in co-operative patients. 

The third possible factor in these patients is suppression; even in small- 
angle strabismus, in which the mechanisms of fixation disparity or abnormal 
retinal correspondence might be expected to operate, the patient might still 
utilize suppression as a means of avoiding diplopia, and it is conceivable that 
such suppression may be much more in evidence in everyday conditions than 
in the artificial situation presented by routine testing on the major amblyo- 
scope. 

The modified major amblyoscope (Stanworth, 1958) makes possible the 
assessment of very small deviations during virtually normal binocular viewing 
conditions, and might therefore be expected to help in the elucidation of 
these problems. In this instrument, the opaque mirrors incorporated in each 
arm of the routine major amblyoscope are replaced by transparent mirrors, 
so that the patient can see through them with both eyes simultaneously to a 
distant target, thus providing a natural binocular fusion stimulus; the eyes 
therefore take up the position which they assume in everyday life. At the 
same time images can be projected on to each retina from the slide-holders in 
each arm of the instrument, the transparent mirrors acting as reflecting sur- 
faces for this purpose; these images act merely as markers which indicate the 
objective and subjective angles of squint and do not influence the positions 
of the eyes. 

For accurate measurement of these angles, slides depending on vernier 
alignment are used: i.e., in measuring the subjective angle, a dot seen by one 
eye has to be placed in a gap in a vertical line seen by the other eye (Stanworth, 
1958, Fig. 5d). If normal correspondence is present, this angle gives the 
objective angle of squint directly; abnormal retinal correspondence is indi- 
cated by ocular movement on alternate flashing at the subjective angle. Since 
ocular movements of less than two dioptres cannot be seen, abnormal retinal 
correspondence of less than this degree would not be detected. Suppression 
is manifest in the same way as on the routine instrument, the dot tending to 
go in and out of the gap. Fusion is measured with prisms placed in the eye- 
pieces, the range of powers over which the slides remain superimposed being 
the measure of the range of fusion; peripheral fusion is measured by covering 
the central portion of the distant target with a matt green circle. Interrup- 
ted reading can easily be carried out using slides which present alternate words 
to each eye. The practical details of the measurements are described else- 
where (Stanworth, 1958; Stanworth and da Cunha, 1959). 


Present Investigation 


It is the purpose of this paper to describe, with illustrative cases, the various 
binocular mechanisms which have been found to be present in everyday use 
of the eyes. The cases are taken from patients with fusion and stereopsis 
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attending the Orthoptic Department, eighty of whom have been fully investi- 
gated; a numerical analysis of the results has been given elsewhere (Stanworth 
and da Cunha, 1959). In the majority of patients, three readings of the 
subjective angle were taken with the dot presented to the right eye and the 
line to the left eye, and three further readings with the slides interchanged; 
the arms of the instrument were read to 0:5 prism dioptre or occasionally to 
0-25 prism dioptre, and the average of the six readings was taken to be the 
required measurement. This gives values measured in twelfths of a dioptre, 
but it is not intended to imply that the accuracy of measurement is of this 
order. The readings were repeated using a 10° green circle to eliminate 
central fusional stimuli. The amplitudes of central and peripheral fusional 
movements were measured where possible, and a test for interrupted reading 
was carried out. In many patients, depth perception was measured by the 
method of Naylor and Stanworth (1959) and expressed as an angle of bino- 
cular parallax. 


Patients with Normal Retinal Correspondence 


It will be most convenient to describe first those patients who have normal 
correspondence, in whom the subjective angle corresponds with the objective 
position of the eyes. If bifoveal fixation is perfect during normal binocular 
use of the eyes, the reading on the modified major amblyoscope will average 
zero; this will be the case even if, on dissociation, a phoria can be shown to be 
present. Within the limits of the present technique, this is the case in normal 
subjects; we have taken the upper limit of normal to be an average reading 
of 0-5 dioptre with the whole target, and one dioptre with a green circle of 10° 
diameter. Some patients who, on cover test, have no deviation nevertheless 
show a definitely abnormal angle on the major amblyoscope, because of an 
abnormally large amount of fixation disparity: 


Case 1, a boy aged 5 years, had had an intermittent accommodative convergent 
squint since the age of one year. 


The visual acuity with and without correction for a small degree of hypermetropia was 
6/9 in each eye. 


The cover test with and without glasses showed no deviation. 


Routine major amblyoscope readings showed an angle with glasses of +2°, with a range 
of fusion from — 5° to +8°, and stereopsis; without glasses the angle was + 5°. 


The modified major amblyoscope without glasses (which he did not normally wear), 
gave an average angle of 1-25 prism dioptres with the whole target, with a fusional range 
from 1 prism dioptre base-in to 5 prism dioptres base-out. With the 10° green circle the 
average angle was 1-66 prism dioptres with fusional range from 2 dioptres base-in to 5 
dioptres base-out. He had no difficulty in carrying out the readings, there being no evi- 
dence of suppression. Interrupted reading was also carried out without difficulty. 
Depth perception was poor (worse than 200 seconds). 














Sti- 
rth 
the 
the 
ed; 
to 
the 
tre, 
his 
ate 
nal 
ing 
the 
no- 


nal 
ive 
lar 
ge 


nal 
ing 
10° 
ESS 
an 


ont 


vas 


ge 


r), 
ge 
the 


vi- 
ty. 








BINOCULAR MECHANISMS IN SMALL-ANGLE STRABISMUS 651 


In some otherwise similar patients, elimination of central fusional stimuli 
by the use of the green circle reveals a much larger degree of fixation disparity 
than is indicated by the use of the whole target: 


Case 2, a boy aged 7 years, had had a partially accommodative left convergent 
squint since the age of 4 years, for which a recession of the left medial rectus had 
been performed when he was 5 years old. 


The visual acuity with correction for a small degree of hypermetropic astigmatism was 
6/9 in each eye. 

The cover test with glasses showed no deviation for distance but a small manifest right 
convergent strabismus for near; without glasses, the convergent squint was present for 
near and distance. 

Routine major amblyoscope readings with glasses showed an angle of +8°, with fusional 
range from +4° to 20°, with a tendency to right suppression; stereopsis was present. 

The modified major amblyoscope gave an average angle with the whole target of + 1-33 
prism dioptres, rising to +4-5 dioptres with the green circle; the range of fusion with the 
whole target was from 3 prism dioptres base-in to 2 prism dioptres base-out, but with the 
10° green circle was only from one prism dioptre base-in to one prism dioptre base-out, 
and the readings were not very reliable. Interrupted reading was carried out without 
difficulty; depth perception was poor (worse than 200 seconds). 


When larger degrees of fixation disparity are present the deviation may be 
visible on cover test, in which case the modified major amblyoscope often 
gives evidence of suppression, which may or may not be present on the 
routine instrument: 


Case 3, a girl aged 6 years, had had a partially accommodative right convergent 
squint with amblyopia since the age of 5 years, which had been treated by occlusion 
and by recession of the right medial rectus muscle. 


The visual acuity with correction for a small degree of hypermetropic astigmatism was 
6/9 in the right eye and 6/6 in the left. 

The cover test for distance with glasses showed right fixation disparity with partial 
recovery, with a marked tendency to break down to a manifest strabismus; for near, she 
had a manifest right convergent strabismus. 

Routine major amblyoscope readings showed an objective angle with glasses of +6°, 
the subjective angle being +3° with a tendency to right suppression; the range of fusion 
was from -2° to +10° and stereopsis was present. 

The modified major amblyoscope gave an average angle with the whole target of 2-33 
dioptres, but the dot kept moving in and out of the gap in the lines; the range of fusion was 
from one prism dioptre base-in to 5 prism dioptres base-out, at which point binocular 
co-operation broke down and the eyes became much more convergent. With the 10° 
green circle, suppression was equally obvious, the average angle being +3 dioptres, with 
no obvious prism vergence. Interrupted reading showed right suppression, but by this 
time, after a long period of testing, a manifest squint was almost constantly present. 
Depth perception was poor (worse than 200 seconds). 


In some patients, usually with a more obvious degree of amblyopia, sup- 
pression may be so marked that it is impossible to measure accurately either 
the angle of squint or the magnitude of the fusional range, though fusion can 
be shown to be present as in the following case: 


Case 4, a girl aged 7 years, had had a left accommodative convergent squint with 
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amblyopia since the age of 4 years, which had been treated by occlusion and by 
orthoptic treatment with the major amblyoscope. 


The visual acuity with correction of a moderate degree of hypermetropia was 6/5 in the 


right eye and 6/12 in the left. 

The cover test for distance and near with glasses showed a small manifest convergent 
squint, possibly with partial recovery. 

Routine major amblyoscope readings showed an objective angle with glasses of +4°, 
the subjective angle being +2°; fusion was at 0°, with fusional range from —9° to + 16°. 

The modified major amblyoscope showed suppression which was so marked that 
accurate readings were impossible but the subjective and objective angles were between 
nil and 3 prism dioptres; when increasing strengths of prisms were inserted, this reading 
was unchanged until a 10-dioptre prism was inserted, at which point the binocular co-op- 
eration broke down, the eyes converged and the readings increased to 10 prism dioptres. 
Depth perception was about 101 seconds. 


Not all patients with marked suppression of this type have obvious fixation 
disparity, for it may occur with an angle of squint indistinguishable from 
zero. 

In some patients, the range of fusion may be so small as to be virtually 
absent, but the presence of fixation disparity is strongly suggested by consis- 
tent readings of the angle, together with the ability to perform interrupted 
reading. 

Occasionally patients give one or two preliminary readings which are much 
larger than the subsequent ones, indicating that the eyes are first dissociated 
by the presence of the instrument, but that the stimulus to fusion produced 
by the distant target then quickly produces the position the eyes take up in 
daily life; in such patients the first readings should be discarded. More 
commonly the first readings are consistent and reliable, but occasionally 
larger readings are produced, indicating a momentary breakdown of fusion; 
or the breakdown may be long lasting, especially after the range of fusion has 
been measured, and the patient may take some time to recover a binocular 
position. In such patients, the readings may have to be repeated on another 
occasion in order to obtain a reliable indication of the use being made of the 
eyes in normal life: In only one patient has such a repetition of the test 
failed to indicate some form of binocular vision in a patient in whom the cover 
test would lead us to expect binocular vision to be present: 

Case 5, a boy aged 7 years, had had a partially accommodative right convergent 
strabismus since the age of 34 years, for which he had had orthoptic treatment 
followed by bilateral resection of the lateral recti at the age of 6 years. 

The visual acuity with correction of a moderate degree of hypermetropic astigmatism 
was 6/6 in each eye. : 

The cover test with and without glasses at distance and near showed esophoria with 
rapid recovery, without any tendency to break down to a manifest deviation. 

Routine major amblyoscope readings showed an angle with glasses of +10°, with a 
range of fusion from +5° to +18°, and stereopsis, with a tendency to right eye suppres- 
sion. 
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The modified major amblyoscope gave an angle of 20 prism dioptres on two separate 
occasions; there was a marked tendency to right eye suppression. Depth perception was 
very good, about 12 seconds. 


In this patient, the modified major amblyoscope obviously produced over- 
convergence and the readings were of no value in indicating the everyday 
position of the eyes. 


Some patients with amblyopia in one eye may be kept straight largely by 
peripheral fusion, the prism ductions with the green circle being then as 
strong or stronger than with the whole target, but this is not always the case: 


Case 6, a boy aged 10 years, had had a left convergent squint with amblyopia 
since the age of 5 years, which had been treated by occlusion and by recession of the 
left medial rectus muscle at the age of 7 years. 


The visual acuity was 6/6 in the right eye and 6/18 in the left. No glasses were worn for 
the small degree of hypermetropic astigmatism. 

The cover test showed no deviation for distance and left convergent strabismus for near. 

Routine major amblyoscope readings showed an angle of + 10°, with a range of fusion 
from 0° to + 15°, and stereopsis. 

The modified major amblyoscope gave an average angle with the whole target of 
+0-5 prism dioptre, but with the 10° green circle the angle was +7 prism dioptres with 
suppression of the left eye. With the whole target, abduction was present to 4 prism 
dioptres and adduction to 16 prism dioptres, but between 8 and 16 prism dioptres there 
was a marked delay before the ocular movements fully compensated for the prisms. No 
prism vergence could be elicited with the green circle. Depth perception was about 
50 seconds. 


In this patient the fusion which kept his eyes straight was presumably para- 
macular rather than peripheral, and was, therefore, eliminated by the 10° 
green circle used. The large range of fusion with the whole target was 
explained by the fact that he was older than most of the other patients, and 
was intelligent enough to give time for the fusion stimulus to take effect. 

In some patients, fixation disparity may, like heterophoria, become decom- 
pensated and so give rise to a manifest strabismus: 


Case 7, a girl aged 9 years, had had an intermittent alternating convergent squint 
since the age of 4 years, for which a resection of the right lateral rectus and recession 
of the right medial rectus muscle had been performed at the age of 8 years, with 
pre-operative and post-operative orthoptic treatment. 


The visual acuity with correction for a small degree of hypermetropia was 6/6 in each eye. 

The cover test with glasses showed slight esophoria with apparently full recovery for 
distance, more marked for near, with a tendency to break down to manifest left convergent 
strabismus. : 

Routine major amblyoscope readings showed an angle of 0° with range of fusion from 
- 5° to 20°, and stereopsis. 

The modified major amblyoscope showed fixation disparity of 0-5 to 1 prism dioptres, 
with a tendency on occasions to break down to 6 to 8 prism dioptres. 

Two separate examinations 4 and 10 months later showed on the cover test a constant 
alternating strabismus, mainly right, for near and distance; the modified instrument gave 
readings of 14 prism dioptres on the first occasion and 35 prism dioptres on the second. 
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In this type of patient, the fixation disparity is obviously not sufficiently 
well established to maintain the status quo indefinitely. Readings on the 
modified instrument may indeed give some idea whether or not the disparity 
is well established. Evidence of suppression (Case 3), especially with vari- 
able readings of the angle (Case 4), a momentary (Case 7) or complete break- 
down during the tests, especially if this occurs during the straightforward 
measurements of the angle of squint before the additional strain of the 
measurement of prism vergence has been imposed, and a very restricted 
prism vergence, are all reasons for presuming that the disparity is not well- 
established. 

Similarly, a patient may at one time give modified major amblyoscore 
readings and a cover test which indicate no deviation, but then break down 
to fixation disparity: 

Case 8, a girl aged 6 years, had had a left accommodative squint since the age of 
3 years. 


The visual acuity with correction of a moderate degree of hypermetropic astigmatism 
was 6/6 in the right eye, and 6/9 in the left. 

Routine major amblyoscope readings showed an objective angle of + 10° and subjective 
angle of +5° with a range of fusion from -4° to +20°; stereopsis was present. 

The cover test with glasses at first showed esophoria for distance, with full recovery, and 
the readings on the modified major amblyoscope averaged less than 0-5 prism dioptre, 
except that occasionally she gave readings of 4 to 8 prism dioptres. Adaptation to prisms 
undoubtedly occurred, though the power of the prism that could be overcome varied 
considerably. After this examination, repetition of the cover test showed definite slight 
fixation disparity in the left eye with partial recovery; repetition of the readings on the 
modified instrument then showed fixation disparity with an angle of 8 prism dioptres. 


4 


Patients with Abnormal Retinal Correspondence 


It will not have escaped notice that some of the patients with fixation 
disparity described in the previous section, who had normal correspondence 
on the modified major amblyoscope, had shown a difference in the objective 
and subjective angles when tested on the routine major amblyoscope (Cases 
4 and 8). The number of patients who showed definite abnormal retinal 
correspondence on the modified instrument was, however, small. The 
following patient showed the condition clearly: 


Case 9, a boy aged 7 years, had had an alternating convergent squint since the 
age of 2 years. 


The visual acuity with correction of a moderate degree of hypermetropic astigmatism 
was 6/12 in each eye. 

The cover test with glasses showed a small right convergent squint with the ability to 
alternate. 

Routine major amblyoscope readings showed an objective angle of 0°; fusion was present 
at 0°, with a range of fusion from - 5° to + 10°, and stereopsis; there was some suppression, 
mainly right, on testing with foveal slides. 

The modified major amblyoscope revealed an objective angle which was clearly conver- 
gent, but the subjective angle with the whole target and with the green circle was -2 
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prism dioptres; the images of the slides remained superimposed with prisms up to 3 prism 
dioptres base-in or base-out. Interrupted reading was carried out without difficulty. 


In this patient, it was impossible to be certain whether the eyes actually 
converged or diverged or whether the adaptation to the prisms was merely a 
subjective one, the eyes remaining still and the angle of anomaly being sub- 
jectively adjusted to the prisms. Sometimes, however, it can clearly be 
shown that both objective and subjective adaptation can take place: 


Case 10, a girl aged 12 years, had had a right accommodative convergent stra- 
bismus with amblyopia since the age of 5 years, which had been treated by occlusion 
and by means of the major amblyoscope. 


The visual.acuity with correction of a moderate degree of hypermetropic astigmatism 
was 6/6 in the right eye and 6/7°5 in the left. 

The cover test with glasses showed alternating, mainly left, convergent strabismus for 
distance and near. 

Routine major amblyoscope readings showed an objective angle of + 8°, and a subjective 
angle of +2°, with fusion at 0°, and a range of fusion from -4° to +4°, with suppression 
on testing stereopsis. 

The modified major amblyoscope gave an average subjective angie with the whole target 
of -0-16 prism dioptre, and with the green circle of +0-16 prism dioptre, but the eyes 
were convergent. With the whole target, the eyes clearly converged further when base- 
out prisms up to 5 prism dioptres were introduced; with the green circle, the eyes objectively 
converged with base-out prisms up to 6 prism dioptres, but at 7 prism dioptres the eyes 
straightened, though the patient still maintained that the pictures were superimposed; 
with stronger prisms the slides were no longer seen superimposed. Interrupted reading 
was carried out without difficulty. 


Occasionally abnormal retinal correspondence may be combined with 
suppression, in which case the subjective angle of squint is liable to be vari- 
able and the retinal correspondence inharmonious: 


Case 11, a boy aged 10 years, had had a left convergent accommodative strabis- 
mus with amblyopia since the age of 4 years, which had been treated by occlusion. 


The visual acuity with correction of a fairly marked hypermetropic astigmatism was 
6/9 in the right eye, and 6/12 in the left. 

The cover test with glasses showed a manifest left convergent strabismus for near and 
distance. 

Routine major amblyoscope readings showed objective and subjective angles of +12° 
and +8° respectively, with fusion at +8°, a range of fusion to +4°, and stereopsis at the 
subjective angle. 

The modified major amblyoscope showed marked left suppression, the subjective angle 
with slides of the larger S.P. type being 2 to 5 prism dioptres, the objective angle being 
about 20 prism dioptres. 


In one patient the angle of anomaly was extremely small: 


Case 12, a girl aged 14 years, had had a left convergent squint since the age of 
3 years. 


The visual acuity without correction was 6/6 in the right eye, and 6/18 in the left. 
The cover test showed a very slight constant left convergent squint. 
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Routine major amblyoscope readings showed objective and subjective angles of +4° 
and —2° respectively, with fusion at 0° and adduction to +10°. 

The modified major amblyoscope gave an average subjective angle of -—0-83 prism 
dioptre, with a range of fusion of only one prism dioptre each way. The objective angle 
was only very slightly convergent. Readings with the green circle were not carried out, 
and the patient did not attend for further testing. 


In this patient the difference between the objective and subjective angles 
could easily have been missed if its presence had not been suggested by the 
readings on the routine major amblyoscope and by the fact that the subjective 
angle was significantly negative, which is unlikely to be the case in any con- 
vergent squint with normal correspondence. 


Cases in which Interpretation may be Difficult 


The typical cover test in fixation disparity is one in which partial recovery 
to a lesser angle of deviation occurs with one eye only; a similar partial 
recovery of the deviating eye when either eye is fixing has been interpreted by 
Levinge (1953) as an indication of abnormal retinal correspondence. Such 
a cover test may be associated with readings typical of fixation disparity: 


Case 13, a girl aged 6 years, had had a left accommodative convergent strabismus 
since the age of 4 years, for which a short course of orthoptic treatment had been 
given. 


The visual acuity with correction of a small degree of hypermetropic astigmatism was 
6/12 in the right eye, and 6/9 in the left. 

The cover test with glasses showed convergence with partial recovery in each eye, more 
marked when fixing with the right eye; this cover test had been seen several times in the 
orthoptic department. , 

Routine major amblyoscope readings showed objective and subjective angles of +5°, 
with fusion at +5°, positive fusional reserve to +20°, and stereopsis. 

The modified major amblyoscope, using the “dot and line” slides, gave an average 
angle when the dot was seen by the right eye of 3 prism dioptres, and when the dot was 
seen by the left eye of 1-16 prism dioptres, with a range of fusion from 2 prism dioptres 
base-in to 6 prism dioptres base-out. With the green circle the average angle was 3 prism 
dioptres, with a range of fusion from 3 prism dioptres base-in to 7 prism dioptres base-out. 
Interrupted reading was carried out without difficulty; depth perception was about 
150 seconds. k 


The variation in the readings with the “‘dot and line” slides according to 
whether the dot is seen by the right or left eye has been noticed in other 
patients in whom the cover test is consistent with fixation disparity of the 
usual unilateral type; in these cases the larger or more variable readings of the 
angle of fixation disparity have occurred when the dot was seen by the eye in 
which the disparity was present on cover test, and may be associated with 
some suppression in this eye. 

In a second patient the cover test showed partial recovery in each eye after 
the tests on the modified major amblyoscope had been completed, but had 
previously shown esophoria with good recovery, the readings on the modified 
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instrument showing no appreciable subjective angle of squint. In a third 
patient (Case 8 above) bilateral partial recovery had been noted on routine 
testing in the orthoptic department, but when seen for special testing, the 
cover test showed either esophoria or left fixation disparity. 

A somewhat similar cover test occurs in which one eye, when it deviates, 
shows the typical partial recovery of fixation disparity, but the patient can 
nevertheless maintain fixation with this eye, the other eye then showing a 
small manifest deviation without recovery: 


Case 14, a girl aged 7 years, had had a right accommodative convergent strabis- 
mus with amblyopia since the age of 34 years, which had been treated by occlusion 
and by means of the major amblyoscope. 


The visual acuity with correction of a moderate degree of hypermetropic astigmatism 
was 6/9 in each eye. 

The cover test with glasses showed left fixation disparity with partial recovery for near 
and distance, but with the ability to maintain fixation with the left eye for near. 

The routine major amblyoscope readings showed an objective angle of +5°, the sub- 
jective angle being 0°; fusion was attempted but was not well established. 

The modified major amblyoscope gave an average angle of 1-5 prism dioptres with a 
range of fusion from 2 prism dioptres base-in to 3 prism dioptres base-out. With the 
green circle, the average angle was 2°16 prism dioptres, but no compensation for prisms 
could be elicited. Interrupted reading was carried out without difficulty. Depth percep- 
tion was poor. 


Even more difficulty in interpretation arises in the following patient: 


Case 15, a girl aged 8 years, had had right convergent strabismus with amblyopia 
since the age of 24 years, which had been treated by occlusion, resection of the 
right lateral rectus ‘muscle at the age of 4 years, and post-operative orthoptic 
treatment. 


The visual acuity with correction of a moderate degree of hypermetropic astigmatism 
was 6/9 in the right eye, and 6/6 in the left. 

Routine major amblyoscope readings showed an angle of +5°, with a range of fusion 
from -3° to +17°, and stereopsis. 

She was examined on the modified instrument on two occasions. On the first occasion, 
when the cover test for distance showed right fixation disparity, the average angle was 0-33 
prism dioptre with the whole target, with a range of fusion from 4 prism dioptres base-in 
to 6 prism dioptres base-out; the angle with the green circle was rather variable, from 
1 to 5 prism dioptres; interrupted reading was carried out without difficulty. 

On the second occasion, 6 months later, the cover test showed a very small manifest 
right convergent strabismus with no recovery; the average angle with and without the 
green circle was 1-33 prism dioptres; fusional reserve was demonstrated only to 2 prism 
dioptres base-in with the whole target, with no compensation for prisms base-out, and 
suppression of the left eye occurred on attempting interrupted reading. 


In this patient, subjective readings indicating no deviation were obtained 
on one occasion and possibly fixation disparity on a subsequent occasion, 
but no definite correlation between these findings and the cover test was 


observed. 
43 








A. STANWORTH AND DAPHNE DA CUNHA 
Discussion 
It will be noted that these patients with small-angle strabismus may show 


four basic responses during normal binocular viewing conditions: 
(a) No deviation present, within the limits of accuracy of the measurements. 


(b) Fixation disparity of more than 0-5 prism dioptre with the whole target, or 
more than | prism dioptre with the green circle. 


(c) Small-angle strabismus with suppression. 
(d) Small-angle strabismus with abnormal retinal correspondence. 


Some patients fall clearly into one or other of these categories. Clinical 
experience would lead one to expect, as is indeed the case, that some patients 
with heterophoria might at one time show no deviation, but might on another 
occasion show a small-angle strabismus with suppression, and it is not sur- 
prising that patients who show fixation disparity on one occasion may also 
show a small-angle strabismus with suppression on another occasion. 
Indeed it might be expected that patients who, on the cover test, appear to 
have esophoria with good recovery might show a greater tendency to break 
down to a condition of manifest strabismus if the recovery was in fact only 
to a position of fixation disparity, since this could not be expected to provide 
such strong fusion. 

A rather more unexpected finding was that a patient may show readings 
indicating no deviation on one occasion and marked fixation disparity on 
another occasion (e.g. Case 8). One is accustomed to think of fixation dis- 
parity as a fixed condition, and this may well be the case in many patients 
with definite but slight amblyopia which can be expected to act as a bar to 
perfect bifoveal fixation. Such amblyopia is not, however, invariable in 
fixation disparity, for subjects with normal vision who have never had a 
squint show slight degrees of fixation disparity, and some of the patients 
described here (Cases 1, 2, and 7) had equal visual acuity in the two eyes. 
In such patients any suppression which occurs during binocular use of the 
eyes must be facultative rather than obligatory, and it would not be surprising 
if the degree of suppression and of fixation disparity varied from time to time. 
This may be the explanation for the impression that fixation disparity is 
relatively rare in adults (Lyle, 1954), for there might be a genuine decrease in 
the incidence of the condition with age if patients who show this variability 
when young tend to improve the accuracy of bifoveal fixation as they grow 
older. 

In patients with fixation disparity which is not well-established, and which 
tends to break down to show a manifest strabismus with suppression, further 
treatment either by orthoptic methods or by operation might be considered, 
the aim being to stabilize the fixation disparity in much the same way as treat- 
ment has been suggested to stabilize abnormal retinal correspondence 
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(Levinge, 1953). The readings on the modified major amblyoscope might, 
as described above, help to indicate whether or not the fixation disparity is 
well-established. Orthoptic treatment would, however, be contraindicated 
in a patient such as Case 8, who sometimes showed no deviation, since any 
attempt at orthoptic treatment would be likely first to produce and then to 
confirm the disparity; in the absence of treatment there is a reasonable chance 
that the eyes will stabilize in the position of no deviation. 

The facultative nature of fixation disparity in some patients makes possible 
the interpretation along similar lines of those (e.g. Case 13) who show partial 
recovery of the deviating eye when either eye is fixing. Both the cover test 
and the readings on the modified major amblyoscope are consistent with 
fixation disparity seen first in one eye and then the other. The readings on 
the modified instrument are not consistent with abnormal retinal corres- 
pondence unless it be assumed that the abnormal correspondence is inhar- 
monious and variable and that the angle of anomaly is so small that the 
difference between the objective and subjective angles could not be detected; 
these assumptions are not entirely without foundation, since inharmonious 
abnormal correspondence (Case 11) and very smal] angles of anomaly (Case 
12) do exist, but the condition is much more simply explained as alternating 
fixation disparity. This explanation seems even more likely when it is 
remembered that, in normal subjects with heterophoria, fixation disparity 
may occur in either eye or even in both eyes simultaneously (Ogle, 1950). 
Moreover, the cover test described in Case 14 in which fixation disparity with 
partial recovery in one eye was combined with ability to maintain fixation 
with this eye and to squint with the other eye, may be explained on similar 
lines, the condition being essential alternating fixation disparity in which the 
partial recovery typical of the disparity was large enough to be seen in only 
one eye. 

In general, the modified major amblyoscope does not indicate which eye 
has fixation disparity, so that the diagnosis of alternating fixation disparity 
could be made only on the cover test; thus it is possible that, in some patients 
with small degrees of fixation disparity which are not appreciable on the 
cover test (e.g. Cases 1 and 2), the disparity may be of the alternating 
type. 

oo patient (Case 15) whose cover test showed fixation disparity when 
the modified major amblyoscope readings indicated no deviation may have 
had a variable type of small-angle squint, similar to that in Case 8, and this is 
perhaps the most likely explanation of the findings. Nevertheless, it is 
possible that she may have had abnormal retinal correspondence’ with a 
small angle of anomaly which could not be detected under the conditions of 
the test, similar to, but even smaller than, that seen in Case 12. If this 
possibility is accepted, then the cover test would be the only indication that 
such a patient, giving readings indicating no deviation, has a small squint 
with abnormal retinal correspondence, and if the angle of anomaly were less 
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than 2 prism dioptres even the cover test would fail to indicate its existence; 
the possibility that such an erroneous diagnosis might be made is discussed 
elsewhere (Naylor and Stanworth, 1959) in conjunction with the results of 
depth perception tests. 

It is highly likely that such small angles of anomaly may indicate a con- 
dition somewhat different from that usually meant by abnormal retinal corres- 
pondence, and it may be that it is to some extent a result of the conditions in 
which the test is carried out. In measurements of fixation disparity, a small 
central area is usually left in which binocular stimuli are not present (Ogle, 
1950); in these circumstances the stimuli seen uniocularly are projected 
correctly in accordance with the primary visual direction of the retinal ele- 
ments involved, and the subjective readings therefore give an accurate indica- 
tion of the objective position of the eyes. If binocular stimuli are close to the 
uniocular stimuli, as when the whole target is used in the modified major 
amblyoscope, this projection may be altered. There is then a tendency for 
the uniocular stimuli to be projected in the direction of the adjacent binocular 
stimuli, which, in the eye with the fixation disparity, are projected in a direc- 
tion other than the primary visual direction of the retinal elements involved 
in order to maintain binocular single vision in spite of the deviation of the 
eyes. In these circumstances, therefore, an apparent anomalous corres- 
pondence could occur, and the distinction between fixation disparity and 
abnormal retinal correspondence with a small angle of anomaly could become 
rather indefinite. 

It would be expected that, if this were the explanation of all cases with a 
small angle of anomaly, the anomaly would disappear when. the green circle 
was used, as in Case 15. This is not always so (Cases 9 and 10), and either 
true abnormal retinal correspondence occurs in these patients, or the apparent 
abnormal correspondence produced in fixation disparity by the mechanism 
described above has become so fixed that it persists even in conditions which 
might be expected to eliminate it. Some such mechanism is presumably 
responsible for the difference between the objective and subjective angles on 
the routine major amblyoscope in patients with fixation disparity (e.g. 
Cases 4 and 8). 

A similar mechanism may explain the findings in those patients (e.g. Case 2) 
in whom the subjective angle of deviation with the whole target is much less 
than that with the green circle, or is even absent altogether. The difference 
could also be due to the different degrees of fixation disparity allowed by 
central and peripheral fusional stimuli; the relative importance of these 
two possible explanations is discussed elsewhere (Naylor and Stanworth, 
1959). 


Summary 


The various binocular mechanisms which have been found to be present in 
everyday use of the eyes in patients with small-angle strabismus are described. 
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It is shown that almost all possible combinations of bifoveal fixation, fixation 
disparity, abnormal retinal correspondence, and suppression may occur. It 
is suggested that the distinction between fixation disparity and abnormal 
retinal correspondence with a small angle of anomaly may be an indefinite 


one. 


We are indebted to Mr. O. M. Duthie, to Miss E. Stringer, and to the Staff of the Orthoptic 
Department, especially Miss N. W. Boyle, who referred Cases 8 and 13 to us. 
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BINOCULAR DEPTH PERCEPTION IN SMALL-ANGLE 
STRABISMUS* 


BY 


E. J. NAYLOR AND A. STANWORTH 
Department of Ophthalmology, University of Manchester 


MEASUREMENTS of the binocular depth perception in a series of patients who, 
after treatment for strabismus, had fusion and stereopsis have shown that the 
depth perception is often surprisingly poor (Naylor, Shannon, and Stanworth, 
1956). This was the case even in patients who had a good functional result 
on cover test. The modified major amblyoscope (Stanworth, 1958) provides 
a more accurate assessment of small-angle strabismus than has hitherto been 
available, and the present investigation was therefore designed to determine 
whether or not these findings on the instrument explained the relatively poor 
depth perception. 


Material 


Binocular depth perception was measured in 66 of the eighty patients examined 
on the modified major amblyoscope by Stanworth and da Cunha .(1959a, b), the 
cases omitted being mainly at the beginning and end of the series, when the appara- 
tus for depth perception testing was not available. The ages of the patients ranged 
from 5 to 10 years. 

The measurements with the modified major amblyoscope included an assessment 
of the deviation and prism ductions both with the full binocular prism stimulus and 
with the central ten degrees eliminated by a green circle. The angle of deviation 
recorded was the average of six readings. 


Measurement of Depth Perception 


The estimation of binocular depth perception in the absence of uniocular 


clues presents a problem which, in the case of young children, can be solved | 


only by compromise. A method which has found favour with many workers 
dealing with older subjects is the presentation of two vertical rods against an 
illuminated background, the subject being required to judge when the rods 
appear to be equidistant from him. It is usual to have one fixed and one 
movable rod. The subject may adjust the position of the movable rod under 
continuous illumination by means of strings and pulleys until the rods appear 
to be at the same distance, or he may be required to specify the position of 
the movable rod when the field is exposed for a brief interval of time. The 





* Received for publication November 26, 1958. 
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former method is unsatisfactory, especially for children, in that it calls for a 
certain amount of manual dexterity in addition to visual judgment. With 
very few exceptions we have found that children of even 5 or 6 years of age 
have no hesitation in saying “Back” or “Front” to indicate the position of 
one rod with respect to the other and we have therefore adopted the latter 


method. 
If the percentage of “‘Back”’ responses are plotted for different separations 


of the two rods, an S-shaped curve is obtained (Fig. 1). A mirror image of 
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Fic. 1.—Relationship between responses and positions of rods. 


this curve would be obtained if we had chosen to plot the percentage of 
“Front”, instead of “Back” responses. In either case it is more convenient 
to change the ordinate scale so that the relationship between separation dis- 
tance and responses is converted to a linear relationship. This may be 
accomplished by the probit method (see, for instance, Finney, 1952), which 
is theoretically desirable but is extremely time-consuming, and for our purpose 
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has been found unnecessary except in a few cases. An alternative is to plot 
the responses on arithmetical probability paper as in Fig. 2, in which the 
position of the movable rod corresponding to the 50 per cent. level of ““Back” 
responses gives the point at which this rod appears level with the fixed rod. 
In practice, this point will rarely coincide with the point at which the rods 
are physically equidistant from the patient. The acuity of depth perception 
is determined by the slope of the line; this is best specified by the distance 
between the points on the abscissa which correspond to the 84 per cent. and 
16 per cent. levels on the ordinate. Half this distance is equivalent to the 
standard deviation of the distribution, and when expressed as the corres- 
ponding angle of binocular parallax, it gives a measure of the stereoscopic 
acuity. 
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Fic. 2.—Same relationship as Fig. 1, plotted on probability paper. 
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Testing Procedure 


The subject was comfortably seated in a darkened room, with his head 
supported by a chin and forehead rest, 3 metres from a rectangular aperture, 
15 x 6cm., in the front of a light-tight black box. The box contained a fixed, 
black, vertical rod, 3 mm. in diameter, situated 15 cm. from the aperture. A 
second similar rod could be moved to and fro along a scaled track situated 
either to left or right of the fixed rod at a distance of 6cm. from it. The rods. 
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were illuminated by a 150-watt opal light bulb centrally situated behind a 
translucent plastic screen 30 cm. from the front aperture. The light was 
controlled by an automatic time switch operating for a period of two seconds, 
so that when the light was switched on the subject saw only a black screen with 
an illuminated aperture revealing the silhouettes of the central portions of the 
rods, the extremities of which were not visible. During the time of illumi- 
nation, the subject was required to estimate the relative positions of the rods 
and to indicate the position of the left hand rod with respect to the right hand 
one by simply saying “Back” or “Front”. He was given three or four un- 
recorded trials to ensure that he understood what was required of him and 
to give the observer an approximate idea of the threshold distance. 

The rods were then presented to him ten times each, front and back of the 
fixed rod, according to a previously determined random order, at a distance 
corresponding to the estimated threshold. As explained above, the threshold 
corresponds to about 84 per cent. of correct responses either front or back; 
if the subject obtained more than this number correct within the first series 
of twenty trials, the rods were then presented a further twenty times in similar 
fashion but with the movable rod positioned at a distance corresponding to 
a lower threshold (nearer to the fixed rod). Conversely, if the correct res- 
ponses were much below 84 per cent. correct, the movable rod was positioned 
further away from the fixed rod before commencing the second series of 
twenty presentations. A third series of twenty presentations was made in 
the light of the responses obtained on the first two series, in order to get as 
many responses as possible near to the threshold value. A fourth series of 
twenty presentations was made if this seemed to be particularly indicated, 
but this was not a-routine procedure since prolonging the testing tended to 
make the child less co-operative. 

The results were tabulated, converted into percentages of “Back” res- 
ponses, and plotted on probability paper, as previously described. The best 
fitting line was drawn independently by two observers and the threshold value 
taken as the mean of the values found by each. In the few cases where the 
individual findings were discrepant by more than about 10 seconds, an 
accurate threshold value was calculated by the probit method. 


Results 


The 66 patients included four in whom it was doubtful if a squint had ever 
been present, two with intermittent divergent strabismus, and seven with 
amblyopia resulting in a difference in visual acuity between the two eyes of 
more than two Snellen lines. The latter were classified separately since such 
amblyopia might be expected to influence the depth perception independently 
of the angle of deviation. 

The remaining 53 patients were classified according to the findings on the 
modified major amblyoscope into four groups (Stanworth and da Cunha, 
1959a, b). 
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(A) 28 patients with no deviation when measured with the whole target: 

(1) Eighteen with normal steady readings with whole target and green 
circle, indicating bifoveal fixation. 

(2) Eight with a tendency to break down to manifest squint or to 
fixation disparity. Three of these had abnormally large readings 
with the green circle before the breakdown occurred. 

(3) Two with abnormally- large but reasonably steady readings with 
the green circle. 


(B) 20 patients with fixation disparity: 
(1) Fourteen with reasonably steady readings. 
(2) Two with a tendency to break down to manifest squint with sup- 
pression. 
(3) Four with marked suppression. 


(C) Two patients with abnormal retinal correspondence. 
(D) Three patients with manifest squint with suppression. 


The depth perceptions of the patients in these various groups are shown in 
Fig. 3 (opposite), in steps of 25 seconds. 

All the four patients in whom it was doubtful whether a squint had ever 
been present and the two patients with intermittent divergent strabismus gave 
normal readings on the modified major amblyoscope, indicating bifoveal 
fixation; five had depth perception of 25 seconds or better; the sixth had depth 
perception of 26 seconds. : 

Amblyopia had an obvious effect on depth perception, Only one patient 
having depth perception better than 125 seconds; this patient (Stanworth and 
da Cunha, 1959a, Case 6) showed no deviation with the whole target, but 
broke down to manifest squint with suppression with the green circle; the 
visual acuity was 6/6 in the right eye, and 6/18 in the left, and the depth 
perception was about 50 seconds. 

In assessing the depth perception in the remaining patients, it is obvious 
that a tendency to break down to manifest squint with suppression might in 
itself account for poor depth perception, since such a breakdown might occur 
at the beginning or during the carrying out of the test. The most valuable 
comparison is therefore between those patients with steady bifoveal fixation 
(Group Al) and those with steady fixation disparity (Group B1). In the 
former group, sixteen of the eighteen patients had depth perception better 
than 125 seconds, compared with only three of the fourteen patients in the 
latter group. The one patient with steady fixation disparity who had depth 
perception better than 75 seconds began with depth perception of about 
35 seconds but then broke down to much worse than this. The average age 
at testing in both groups was between 74 and 8 years, and the contrast between 
the groups still remains even if all children under 7 years are excluded. 
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Fic. 3.—Depth perception in various types of strabismus. 
Abscissa: Depth perception, grouped every 25 seconds. 
Ordinates: Number of patients in each depth perception group. 
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The two patients with abnormally large but reasonably steady readings 
with the green circle (Group A3) both had good depth perception (30 and 
32 seconds), though one showed a tendency to break down during the 
measurements. 

The patients who tended to show suppression or to break down to manifest 
strabismus on the modified major ambiyoscope (Groups A2, B2, and B3) 
showed relatively poor depth perception, especially those who at best showed 
fixation disparity (Groups B2 and B3). 

The patients with manifest squint, with or without abnormal retinal corres- 
pondence, all had poor depth perception except one; this was the only patient 
in the series in whom the modified major amblyoscope undoubtedly gave 
misleading readings, causing a breakdown to manifest strabismus in a patient 
who normally showed only esophoria, the depth perception being 12 seconds. 

Even in patients with steady readings in the range we have taken to be 
normal with the whole target (Groups Al and A3, together with those who 
had probably never had a squint, and those with intermittent divergent 
strabismus), there is a tendency for the depth perception to be better if the 
measured deviation on the modified amblyoscope is particularly small. All 
fourteen patients with a deviation of 0-25 prism dioptre or less had depth 
perception better than 125 seconds; six (38 per cent.) had depth perception 


of 25 seconds or better, compared with only one in ten patients with deviations 


of 0-33 to 0-5 dioptre. 


Discussion 


Two factors have to be remembered in interpreting thesé results. First, 
the depth perception in children cannot be expected to attain the same degree 
of precision as that in adults, since any wandering of the attention will result 
in an increase in the errors made and hence in the measured threshold. It is 
not surprising, therefore, that not all children with perfect binocular vision 
achieve a threshold of about 10 seconds such as one might expect in adults 
(Ogle, 1950), and thresholds of 25 seconds or even worse may be considered 
satisfactory. Secondly, the stimulus to fusion provided by the apparatus 
used to measure the depth perception is not particularly strong, so that any 
tendency for binocular vision to break down in the absence of a strong fusion 
stimulus will result in a relatively poor degree of depth perception under these 
conditions; such patients may in everyday life obtain more value from their 
binocular depth perception than would be apparent from the present results. 

Nevertheless, the results show clearly that the depth perception is related 
to the angle as measured on the modified major amblyoscope. This is not 
surprising, for the ability of patients with fixation disparity to achieve binocu- 
lar vision in the presence of a slight deviation is due to the capacity to fuse 
slightly disparate points; such fusion is normally used by subjects with 
bifoveal fixation to give depth perception, and its use merely to enable fusion 
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to take place in the presence of a slight deviation must obviously interfere 
with its use for depth perception. 

The fact that patients who show fixation disparity only with the green circle 
seem to have good depth perception, together with such patients’ relatively 
normal cover tests (Stanworth and da Cunha, 1959b), suggests that the 
readings with the whole target are a reliable indication of the position of the 
eyes, and are not due to the conditions of the test; the difference between the 
readings with and without the green circle are therefore likely to be true 
differences in the amount of disparity occurring under the two conditions. 

The fact that almost all the patients with normal readings with the whole 
target had reasonably good depth perception, whereas those with abnormal 
retinal correspondence had poor depth perception, suggests that it is unlikely 
that abnormal correspondence is being overlooked in any substantial number 
of patients. 

The finding that depth perception appears to be correlated to some extent 
with average deviations of less than 0-5 prism dioptre obviously requires 
further investigation. The measurements in this series were carried out on a 
prototype model of the modified major amblyoscope, and it is hoped that 
greater precision will be possible with the more accurate instrument now 
available. 


Summary 


66 patients were examined with the modified major amblyoscope and their 


binocular depth perception determined. It is shown that there was a reason- 
ably close correspondence between the angle of deviation and the binocular 


depth perception, patients with fixation disparity having relatively poor depth 
perception. 


We are indebted to Miss D. da Cunha for carrying out the majority of the readings with the 
modified major amblyoscope. 
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BUFFERING TECHNIQUE FOR OBTAINING INCREASED 
PHYSIOLOGICAL RESPONSE FROM ALKALOIDAL 
EYE-DROPS* 


BY 
J. BOBERG-ANS, K. V. GROVE-RASMUSSEN, 


and E. R. HAMMARLUND 


From the Eye Department and Dispensary of the Finsen Institute and Radium Centre, and the 
Pharmacy Department, Royal Danish School of Pharmacy, Copenhagen 


It is widely accepted that the physiological activity of alkaloidal eye prepar- 
ations results from the penetration through the cornea of the free base 
portion rather than of the ionic form of the alkaloid (Cogan and Kinsey, 
1942; Cogan and Hirsch, 1944; Swan and White, 1942). Therefore, the 
smaller the pKb value of the alkaloid, the fewer free base particles will be 
available for drug action at the normal eye pH 7-4. This necessitates the 
use of larger doses to obtain the desired physiological response for many 
alkaloids. Moreover, the instability of alkaline aqueous solutions of the 
alkaloidal drugs limits their usefulness. 

Since alkaloidal eye-drops are extensively used in eye examinations and 
treatment and are so potent that the lowest possible concentrations are 
desirable, efficient methods of using them have been much discussed. 

Blok (1945) prepared eye-drops in alkaline buffer, pH 8-9, in order to use 
smaller quantities of alkaloids, which were scarce during the German 
occupation of Holland. He found that a 0-5 per cent. alkaline pilocarpine 
solution produced a response similar to that from the usual 2 per cent. 
pilocarpine solution. However, the alkaline solution of the alkaloid was 
much less stable than the acidic solution. 

Floyd, Kronfeld, and McDonald (1953) measured the miotic response of 
subjects who had 1 per cent. pilocarpine hydrochloride, pH 4-0—-4-2, instilled 
into one eye and the same solution buffered at pH 6-6-7-4 into the other. 
They found that the rate of absorption of the drug at each pH was approxi- 
mately the same, although the more alkaline solution produced a slightly 
increased response. 

Riegelman and Vaughan (1958), in an extensive discussion of the subject 
of ophthalmic solutions, compared the miotic response to 1 per cent. pilo- 
carpine solutions buffered at pH 4-2 with that to those buffered at pH 6-6. 
They likewise found that pilocarpine in the less acid solution had slightly 
more miotic effect but that the difference was statistically insignificant. 

One might assume that these results were due to the fact that there was 
not enough additional alkaloidal free base available for increased penetration 
of the cornea at the highest pH used in the experiments. 





* Received for publication January 29, 1959. 
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In the present investigations it was found that, if an alkaloidal salt is 
dissolved in sterile water and made isotonic with sodium chloride and is then 
temporarily or even momentarily buffered in the eye at the sufficiently 
alkaline pH of 9-2, considerably more free base is available and will produce 
a markedly increased physiological action. This is true for many alkaloidal 
drugs. It is proposed to describe a technique whereby one can instill into 
the eye a considerably smaller concentration of various stable, acidic, 
aqueous solutions of alkaloidal salts and still obtain the desired physiological 
effect as rapidly and fully as that obtained with the higher concentrations of 
acidic buffered solutions that are frequently used. This is accomplished by 
first “‘ buffering” the eye by instilling one or two drops of a sterile isotonic 
sodium borate solution, pH 9-2, into the eye, and by following this with one 
drop of the sterile aqueous solution of the desired alkaloidal salt made isotonic 
with sodium chloride. The buffer solution has the following composition: 


Sodium borate (analytical) , 0-78 g. 
Sterile distilled water q.s. 30 ml. 


Sodium borate solution was considered to be a suitable buffer because it 
has been used frequently in the eyes and has a sufficiently high buffer capacity. 
For example, when ten volumes of 0-5 per cent. atropine sulphate aqueous 
solution are added to one volume of the borax buffer solution, the pH of the 
resulting mixture is 9-1. 

The pupil response is the criterion of the pharmacological effect of the 
alkaloidal drug. The concentrations used after the instillation of the buffer 
solution are from one-half to one-twentieth of those normally employed for 
average physiological activity without use of the buffer. 


Method 


The following drugs were used in aqueous isotonic solution at the given 
concentrations; 


Homatropine hydrobromide 0-1 per cent. 
Phenylephrine hydrochloride 1 per cent. 
Ephedrine hydrochloride 1 per cent. 
Atropine sulphate 0-1 per cent. 
Pilocarpine hydrochloride 0-4 per cent. 
Tetracaine hydrochloride 0-1 per cent. 


The first three drugs were individually tested on human subjects in the laboratory 
before being submitted to clinical evaluation at the Eye Clinic of the Finsen 
Institute and Radium Centre. The other three were evaluated only by clinical 
investigation. 

The preliminary tests, in which each drug was used on at least six persons, were 
carried out as follows: 


One drop of a sterile isotonic solution of sodium borate was instilled just above the 
cornea in one eye, the experimental eye, of each subject. Immediately one drop of the 
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alkaloidal solution under study was placed in both eyes of the test subjects. The eye 
































which received an identical drop of the alkaloidal solution but with no previous buffer f 
application served as the control. The examinee was advised to blink normally after all : 6 
administrations. The horizontal diameter in mm. of the pupil of each eye was measured 
before the drug administration and every 15 min. thereafter for 3 hrs. The measurements 
were made with a ruler to the nearest 0-5 mm., the subject being placed in the same 5 
position each time in an evenly lighted room. 
Results 4 
For each drug the results were plotted as mm. diameter for the right and left 
pupils by the time in minutes. The mean average mydriatic response obtained 3 
from the subjects tested is shown in Figs 1 to 3. 
o———-O__ Buffered Eye 
> @------ @ Unbuffered Eye 
E 
E6- 
a4 
wi 
mS 4 
= 
< 
a 4. 
4 
a 
> 
a. 3 ' t i ' ' qT ' ' qT t T t T 
O° IS 30 45 60 75 99 105 120 135 150 165 180 
TIME (min.) 
Fic. 1.—Mydriatic effect from 1 per cent. ephedrine HCl solution. i? 
o———-O_ Buffered Eye 6 - 
@------ @ Unbuffered Eye 
hae SC ONS 
& 
es 4 
wu © b 4 - 
ui : 
Zz 4 ------ asic dates eal | 
a 4- irri aR 3 
ir I agi Ss ees io al Sh ss gee ge ae ied 
‘ail 
piece 
> 
a. 
2 ' i i | ' ' i qT ' i] qT T q 
ie) 15 30 45 60 75 90 105 120 135 150 165 = 18 
TIME (min.) 





Fic. 2.—Mydriatic effect from 0-1 per cent. homatropine HBr solution. 
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Fic. 3.—Mydriatic effect from 1 per cent. phenylephrine HC! solution. 


In another laboratory experiment on six individuals, the mydriatic response to a 
0-1 per cent. homatropine hydrobromide solution after the instillation of a sodium 
borate solution was compared with that to a 1 per cent. homatropine hydrobromide 
solution in the other eye with no buffer. The test was carried out as before, and 
it was found that the weaker solution plus the buffer gave the same amount of 
pupil dilation as the stronger solution with no buffer (Fig. 4). However, this 
should not necessarily be interpreted as meaning that there was a ten-fold increase 
in drug action, because near maximum pupil dilation was reached in both cases. 
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Fic. 4.—Mydriatic effect from 0-1 per cent. and 1 per cent. homatropine HBr solutions. 


Mueller and Deardorff (1956) reported that the addition of 1 per cent. methyl 
cellulose 4000 to a 0-25 per cent. homatropine hydrobromide solution produced an 
increased mydriatic response in the eyes. Further experiments were therefore 
made on two subjects to find out whether the addition of 1 per cent. methyl cellulose 
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4000 to the sodium borate buffer solution would increase further the mydriatic 
effect of 0-1 per cent. homatropine hydrobromide solution when used with the 
buffer pre-treatment. Tests made in the same manner as before revealed a small 
increase in mydriatic response, although it was too small to be of significance. 


Clinical Investigation 
0-1 per cent. homatropine hydrobromide, 2 per cent. phenylephrine hydro- 
chloride, 0-1 per cent. atropine sulphate, and 0-4 per cent. pilocarpine hydrochloride 
were clinically tested by dropping the solutions into the eyes of patients at the Eye 
Clinic as follows: 


One eye was pre-treated with two drops of borax buffer solution, and one drop of the 
solution tested was instilled into each eye. In every case the response was quicker in the 
pre-treated eye; the reaction was more pronounced, and the maximum effect lasted longer 
than in the unbuffered eye. This was true in patients of all ages. 

Atropine, homatropine, and phenylephrine solutions used at the full usual strength in 
combination with sodium borate had no untoward effect in adults (it was not tried in 
children below the age of 10). Although the effect was more rapid, the maximum reached 
was not greater than in the eyes treated without sodium borate. 

The speed of penetration through the cornea into the anterior chamber and the effect 
on the structures here seems to be considerably enhanced by the alkaline-buffered solution 
of sodium borate. The influence on the superficial sensitive nerves in the cornea seems to 
be equal for both acidic and alkaline solutions. After the cornea had been anaesthetized 
with 0-1 per cent. solution of tetracaine hydrochloride, the corneal sensitivity was followed 
with the Boberg-Ans (1955, 1956) sensibilometer. The anaesthetic took effect in the 
same time in eyes pre-treated with the borate buffer as in eyes not pre-treated. The depth 
of anaesthesia was also equal, but the duration was prolonged for some minutes in the 
buffered eyes. 

This buffering technique is now frequently used whenever eye treatment is required 
before surgery. No cases of atropine or other alkaloidal toxic effects have been observed 
at the Eye Clinic. 

In conclusion, it should be stated that a weak solution of one-half to one-twentieth of 
the concentration usually used is just as effective as the stronger solutions when the 
conjunctival sac has been buffered with sodium borate solution. 

Hind and Goyan (1947) reported that the free base of the alkaloid caused the irritation 
sometimes associated with eye-drops. However, Trolle-Lassen (1958) stated that the 
alkaloids are better tolerated by the eye in weak alkaline solution, pH 7-3-9-7, than in 
acidic solution provided they are approximately isotonic with tears. Martin and Mims 
(1950) stated that whether or not a particular pH value of a solution will prove 
to be a source of irritation must be determined for any given combination of ions and 
substances in solution. In the present investigation there was no evidence of pain after 
the instillation of aqueous alkaloidal salt solutions into the “buffered” eyes, except that 
the 1 per cent. ephedrine hydrochloride solution produced a mild stinging sensation for a 
very few seconds in the eyes of some subjects. 

Cogan and Hirsch (1944) called attention to the undesirable systemic side-effects which 
sometimes follow the administration of potent ophthalmic alkaloidal solutions. There- 
fore, since much weaker solutions are required, the use of the buffering technique described 
herein may frequently be advantageous. 


Summary 


A technique is described by which the normal physiological response may 
be obtained from a much weaker concentration of alkaloidal eye-drops than 
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is usually required. An isotonic, sterile 2-6 per cent. sodium borate solution 
is instilled before the eye-drops, which can then be used without discom- 
fort to the patient. The addition of 1 per cent. methyl cellulose 4000 to the 
borax buffer solution had no significant effect. 


One of us (E.R.H.) wishes to thank the School of Pharmacy, State College of Washington, 
Pullman, U.S.A., from where he is on sabbatical leave of absence, and also the Gustavus A. 
Pfeiffer Memorial Research Fellowship for the 1958-59 award. 
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LESIONS OF THE LID MARGINS CAUSED BY 
-ECTOPARASITES IN INDIA* 


BY 


F. C. RODGER anp H. U. FAROOQI 
From the Institute of Ophthalmology and Department of Zoology, Muslim University, Aligarh, India 


INFESTATION with Anoplura, where the nits of lice are found attached to the 
eyelashes, is a phenomenon which has been frequently reported during the 
past 70 years (Goldenberg, 1887, and many others). Sporadic reports have 
also appeared of a persistent blepharitis resulting from such infestation 
(e.g. Boase, 1945), and this is probably more common than is generally known. 
The louse concerned is said to be the head louse, for it is believed that the 
body louse is never found on the lids or lashes (Duke-Elder, 1952). These 
two ectoparasites are of the same species, are identical morphologically, and 
may overlap in size and habitat; in fact, there is a closer similarity between 
these lice than there is between most varieties of Homo sapiens. The body 
louse may sometimes be found on the lid margins, and the nits are 
indistinguishable. 

The presence on or near the head region of the pubic (crab) louse is even 
more surprising than that of the body louse, but this paradox -has long been 
recognized, and was first described by Jullien (1891a, b; 1892a, b).. Friedman 
and Wright (1934) suggested that it was transmitted by hand, presumably in 
the form of the nits. Boase (1945, 1947) gives the most recent account of the 
blepharo-conjunctivitis which occurs in some cases of ectoparasitism, 
especially with the crab louse. Chandler (1955) described a patient who 
was infested from eyebrows to ankles. Sabata (1932) described a severe 
conjunctivitis associated with this variety of louse. 

As these ectoparasites are very common in India we have been able to 
examine several cases where involvement of the lid margins had produced a 
well-developed inflammation. 

Whether the hair follicle mite should be considered a saprophyte or a true 
parasite of man has not been decided. Its cosmopolitan distribution and 
high incidence suggest the former, although Ayres and Anderson (1932) 
claim that it causes a dry scaly dermatitis in man. Several writers (e.g. 
Fuss, 1933, 1935) have claimed that it can cause blepharitis, but this question 
first posed by Raehlman (1898) is still unsolved. Gmeiner (1908) found it 
in 97 healthy subjects out of a hundred in a random sample, which suggests 
that pathological lesions may be due to another variety of parasite. In 
Uttar Pradesh we found the hair follicle mite an infrequent but definite cause 
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of blepharo-conjunctivitis in man, and we feel that it is not without signi- 
ficance that the same species causes mange in dogs, which are present in large 
numbers in this Province. Passage through one of the carnivora may alter 
the secretions of the mite, or there may be two different varieties, morpho- 
logically identical as in the case of lice. In either event the operative factor 
would be the relation to dog. 


Ectoparasitic Lesions of the Eyelids 


(1) Lice.—Three distinct species of the order Anoplura have been found on 
the eyelids and eyelashes: Pediculus humanus capitis, Pediculus humanus 
corporis, and Phthirus pubis. The first breeds on the hair of the head and 
the second in the seams and linings of the clothing, and to a lesser extent in 
the hair of the chest and axillae. The third is essentially a dweller in the 


pubic and peri-anal regions. 


(a) Head and Body Lice.—Although these two varieties closely resemble each 
other, they can usually be differentiated by their size. P. capitis females are seldom 
more than 2 mm. in length, and P. corporis seldom less. The former is further 
distinguished by the presence to a varying extent of a dark pigmented margin which 
the body louse is believed to lack. 

Infants and children are especially affected by these two ectoparasites, and when 
the eyelids are invaded the scratching which results is almost entirely responsible 
for the unfortunate consequences. The parasites have a liking for the fine hairs 
of the eyebrows, and near this site excoriation of the skin by the finger nails often 
leads to the formation of an abscess. Adults in developing areas of the East 
are more likely to neglect itching in a child than in themselves, which is a pity 
as the condition is so readily cured. The high re-infection rate, however, is 
discouraging even to the most careful parent. The inflammation and hypersensi- 
tivity of the lid margins is not as great as with the crab louse and the hair follicle 


mite. 


(b) Crab Louse.—This can be readily distinguished from the other two by its 
shape, although its physiology is similar to that of the other lice. The females 
measure about 2 mm. in length, tie males slightly less. Although its normal habitat 
is the pubic and anal region, we have found crab lice not only clinging to the eye- 
lashes, but breeding there. The nits are larger than those of the head and body 
lice, and can more readily be spotted by the naked eye. The lesions it produces 
are more severe than those produced by head and body lice because of its tough 
claws and sharp jaws. 


Irritation and pruritus, involving the conjunctiva as well as the lids, are 
intense and the subject scratches at his eyes in desperation. Secondary 
infection affects the conjunctiva, the cilia becoming matted together with 
muco-pus mixed with nits. The appearance then suggests a complicated 
trachoma. Abscesses of the soft skin of the lid, especially at the temporal 
side, are common, and may be one explanation for the high incidence of such 
abscesses reported by other workers in India (Singh and Grover, 1958). The 
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villagers get rid of the scourge by rubbing the eyelids with wood ash; this 
removes the lice, but also leads to loss of the eyelashes, the lid margins and 
conjunctiva being left swollen and inflamed, and vulnerable to other infections 


(Fig. 1). 





Fic. 1.—Swollen erythematous lid and madarosis after scrubbing with wood ash 
to eliminate crab lice. 


This condition also resembles that of trachoma and is frequently con- 
fused with it. The idea of using wood ash to remove lice was perhaps 
derived from the knowledge that poultry get rid of lice in this manner. 


(2) Follicular Mites.—These belong to the family Demodecidae, genus 
Demodex, and are parasites of the sebaceous glands and hair follicles in man 
and in certain carnivora. They are too small to be seen with the naked eye. 

Demodex folliculorum, the only species apparently found in man, is an 
elongated, vermiform, cylindrical mite with four pairs of short stumpy legs, 
three of which are jointed, a short median sucking capitulum and a long, 
tapering, transversely-striated abdomen. The females are larger than the 
males, averaging up to 400 x 40u. They are characterized by a long, slit-like 
vulva at the base of the abdominal venter. The males are comparatively 
slender, and do not exceed 300u in length. These parasites, when they 
invade the lids, burrow head down into the follicles of the cilia and sebaceous 
or Meibomian glands, where they often group together in clusters, forming 
black “pustules” at the lid margins. The eggs laid in the burrows hatch 
into hexapod larvae which in turn moult into octapod nymphs and develop 
(after two more moults) into adults. In addition to hiding in the hair follicles 
some of them can usually be found free on the lid margin or attached to the 
cilia (Fig. 2, opposite). Inflammation of the Meibomian glands and lid mar- 
gins follows; as in all ectoparasitic infestation, the damage is due partly to 
the activity of the parasite and partly to the host himself scratching the part 
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Fic. 2.—Demodex folliculorum Simon on a human eyelash in a case of chronic unresponsive 
blepharo-conjunctivitis 


invaded. Even after the mites have been eliminated a dry scaly, chronic 
blepharo-conjunctivitis persists for long periods, and can be as irritating as 
the parasite itself, probably because of the development of hypersensitivity. 
Cases of severe unresponsive blepharo-conjunctivitis in persons of a type 
likely to be infested should always be examined for mites, especially if the 
patient has been in contact with dogs from which they may have come 
either directly or in the finger nails as nymphs. 


Summary 

(1) A high incidence of follicular mites and lice among Indian peasant- 
farmers in Uttar Pradesh is described. 

(2) Head, body, and crab lice sometimes breed on the eyelashes, giving 
rise to a chronic blepharitis, the most severe lesions being those caused by 
the crab louse. 

(3) Secondary infection prolongs the condition and conjunctivitis may 
develop. 


(4) Follicular mites, which also infest the dog, may invade the eyelids of 
man and cause inflammation of the Meibomian glands and chronic hyper- 
sensitive blepharo-conjunctivitis as well as the expected acute blepharitis. 


(5) Uncontrolled scratching is liable to give rise to lid abscesses. In 
severe cases, especially with crab lice, the eyelashes may be lost, and the lids 


may become inflamed through rubbing wood ash vigorously into the roots 
of the cilia to remove the lice. 


(6) Where the lids are matted with nits and secondary infection exists, or 


when the Iashes have been rubbed off leaving swollen erythematous lids, the 
condition is frequently confused with trachoma. 


The authors are grateful for laboratory facilities provided by Prof. B. R. Shukla, Director of the 
Institute of Ophthalmology, and Prof. M. B. Mirza, Head of the Department of Zoology, Aligarh 


Muslim University. 
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STUDIES ON DEVELOPING RETINAL VESSELS* 


Vil. FLUORIDE-INDUCED VASO-OBLITERATION AND ITS 
RELATION TO RETINAL MATURITY 


BY 


CHRISTOPHER PEDLER 


Department of Pathology, Institute of Ophthalmology, University of London 


SINCE it was first reported that oxygen had a specific vaso-obliterative action 
on the vessels of the immature retina (Ashton, Ward, and Serpell, 1953), a 
working hypothesis has been devised and certain experiments carried out in 
an attempt to understand the intermediate mechanism involved (Ashton, 
Graymore, and Pedler, 1957). In the latter paper it was suggested that the 
vessels might close through external pressure from fluid imbibition into the 
retina as a result of an interruption in glycolysis brought about by ambient 
hyperoxia. Experiments were also reported wherein vessel closure ana- 
logous to that following oxygen exposure could be induced by the intravitreal 
administration of established inhibitors of glycolysis, such as sodium fluoride, 
which was found to produce complete retinal vaso-obliteration in a con- 
sistently repeatable manner. This finding alone is not sufficient to support 
the idea of cell swelling as a cause of vaso-obliteration in the immature 
retina, and many other facets of this hypothesis still require experimental 
investigation; however, support has recently been provided by experiments 
(Graymore, 1958) which showed that, under defined conditions in vitro, 
excised retinae incubated in solutions containing known amounts of sodium 
fluoride underwent a significant increase in Wet Weight : Dry Weight ratio. 
Similarly, other experiments have demonstrated that the intravitreal injection 
of sodium fluoride into the intact living eye can result in a histologically 
measurable swelling of the inner cell layers of the immature but not of the 
mature retina (Pedler, 1959). Hence, if retinal swelling is responsible for 
the vaso-obliteration observed in the living eye, then the vessel closure 
should also show correlation with the degree of retinal maturity. This 
paper reports the results of some experiments designed first to investigate 
this possibility, and secondly to determine whether there is any similarity 
between the age at which fluoride ceases to affect the retinal vessels and that 
at which ambient hyperoxia becomes ineffective. 


Materials and Methods 


(1) Intravitreal Injection.—A previous paper on this subject (Ashton and others, 


1957) gives details of the method used for intravitreal injection, but one small 
though important detail has been changed: 
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It is now considered essential for the tip of the needle to pass right through the vitreous 
to impinge upon the surface of the retina. If this is not done, it is common for some of 
the injected fluid to leak back along the needle track and to escape from the eye. When 
the retina is touched, this appears to rupture the vitreous surface so that flow takes place 
into the subhyaloid space. 


(2) Direct Observation.—The results shown in the Table were all obtained by a 
method which allows both cinephotography and medium-power microscopic 
examination of the living retina using a stereoscopic optical technique. This 
method is fully described elsewhere (Ashton and Cook, 1954; Pedler, 1957) and no 
significant changes in it have been made. 


TABLE 


RELATIONSHIP BETWEEN AGE AND VASO-OBLITERATIVE ACTION OF INTRA- 
VITREALLY INJECTED SODIUM FLUORIDE 
























































: ; Time at which 
Exp-No.| ays) | “ig | (md | \(percent.) | Closure | Maximum Closure 
192 6 210 | 02 0-61 ++ 2 
194 7 215 | 02 0-61 ++ 23 
228 160 | 02 0-01M + 2 
188 9 230 | 03 0-61 ++ 12 
221 250 | 02 0-01M ++ 26 
293 10 25 | 02 0-61 ¥a 6 
177 rr 300 | 02 0-61 + 18 
302 | 12 230 | 02 0-61 ++ 20 
197 | 14 230 | 02 0-61 a+ 5 
229 235 | 02 0-61 is 24 
aT | 300 | 02 0-61 + 24 
281 260 | 02 0-61 ++ 7 
297 | 15 295 | 02 0-61 2 26 
230 | 18 270 | 02 0-61 ish 18 
274 | 19 370 | 0-2 0-61 0 Sh 
278 420 | O-18R 0-5 ++ 24 
0-2L 0-5 + Not recorded 
236 | 20 340 | 0-2 0-61 + 23 
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contin. 
F : Time at whi 
Exp. No} (5s) | “aS | Cais | Cipereen™ | Peesac” | Maxima ‘onic 

231 21 300 | 02 0-61 ++ 23 
284 360 | 02 0-61 A 10 
279 2 390 | 02 0-61 0 wise 
241 25 330 | 02 0-61 + 28 
270 30 390 | 02 0°61 ++ 18 
245 440 | 02 0-61 0 im 
271 34 0-2R 0-61 0 ea 

0-2L 0-61 ++ 28 
235 42 510 | 02 0-61 + 18 
250 50 700 | 02R 0-01M + 24 

0-2L 0-61 + 20 
251 62 850 | 02R 0-61 0 pia 

0-2L 0-61 0 wt 
291 73 1,050 | 0-25 0-61 0 oe 
180 | Adult Ss 2-6 0-61 0 a 
198 3,400 | 0-2 0-61 0 i 
204 2,900 | 05 0-61 0 sat 
226 3,300 | 0:25 0-61 0 oi 
249 3,600 | O2R 0-61 0 fe 

0-2L 0-61 0 i 























Results and Interpretation 


The Table shows the effect of intravitreally injected sodium fluoride on the 
retinal vessels of kittens of different ages, starting at 6 days and ending with 
the results of five experiments performed on fully adult animals. In all 
cases, unless otherwise stated, the injection consisted of 0-2 ml. of an 0-61 
per cent. solution of Analar sodium fluoride. The sixth column from the 
left indicates whether the resultant vaso-obliteration was complete (+ +), 
incomplete (+), or absent (0), and the right-hand column shows the time 
after injection at which maximum closure was seen. The degree of vaso- 
obliteration produced in any single case was assessed only at the site of 
injection, the reason being that the extent of the closure depended in some 
measure upon the spread of the injected sodium fluoride within the subhyaloid 
space and the spread of the fluoride in turn depended upon the exact position 
of the needle tip and was thus subject to slight variations. Where complete 
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vaso-obliteration is recorded, however, this indicates local obliteration of all 
vessels with the occasional exception of the main veins. Where incomplete 
closure is recorded this indicates that some part of the arterial circulation 
was not completely closed by the injection. The zero sign has only been 
used where the sodium fluoride failed to produce any significant vaso- 
obliteration. The closure produced by sodium fluoride occurs in a specific 
sequence (Ashton and others, 1957), and can easily be distinguished from 
other changes in the calibre of the vessels. For example, in a few experiments 
on older animals (not included in the Table), some obliteration was noted 
within 2 or 3 minutes of injection. It could be seen that this took the form 
of a localized and uneven change in thickness of the vessel wall and was not 
due to changes in the surrounding retinal tissue. Furthermore, it was 
rapidly reversed by intravitreal injection of 1 per cent. Amethocaine. The 
true fluoride-induced closure was unaffected by this substance, and would 
in fact proceed to completion in i@ presence, suggesting that vascular 
spasm was involved as a separate entity in these experiments. Despite 
these factors, it still remains apparent that the reactivity of the retinal vessels 
to local sodium fluoride starts to become inconstant between the ages of 14 
and 21 days and becomes gradually less with increasing age until after 
approximately 50 days the vessels are apparently unaffected. It has pre- 
viously been reported (Ashton and others, 1954) that a raised ambient 
oxygen concentration will produce total or severe vaso-obliteration from 
1 to 14 days of age, and mild vaso-obliteration from 15 to 21 days of age, 
and it is doubtful or absent after this period. Joint consideration of these 
two groups of experiments indicates that the developing retinal vessels 
gradually cease to react to both hyperoxia and sodium fluoride within age 
limits which are comparable if it is accepted that an intravitreal injection of 
an enzyme poison is probably a more potent procedure than raising the 
ambient oxygen concentration. 

A correlation of this nature does not of course suggest that the mechanisms 
involved are identical, and considerable experimental work is still necessary 
before the degree of similarity between the vaso-obliterative properties of 
the two agents can be finally. established. 


Summary 


(1) Experiments are described which show that the vaso-obliterative eftect 
of sodium fluoride on the vessels of the immature retina starts to become 
inconstant between the ages of 14 and 21 days, and becomes gradually less 
in increasingly older animals, until after approximately 50 days the calibre 
of the vessels is no longer affected. 


(2) This finding is related to the well-established correlation between age 
and the vaso-obliterative effect of ambient hyperoxia. 
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ANAEROBIC GLYCOLYSIS IN RATS AFFECTED WITH 
RETINITIS PIGMENTOSA 


ITS SIGNIFICANCE IN RELATION TO VARIOUS FORMS OF PRIMARY 
PIGMENTARY DEGENERATION OF THE RETINA* 


BY 


P. T. WALTERS 
From the Department of Research, Birmingham and Midland Eye Hospital 


RETINITIS pigmentosa in man is an hereditary disease of unknown aetiology. 
It is characterized by a chronic and progressive course. Although not 
clinically manifest at birth, it reveals itself in childhood by the presence of 
night-blindness, and in adolescence by the onset of retinal changes. It 
frequently results in blindness in middle or advanced life. Pathologically, 
it is essentially a degeneration of the retinal neuro-epithelium, particularly 
of the rod cells, and its established features are an attenuation of the retinal 
blood vessels, optic atrophy, and, almost invariably, widespread pigmentary 
changes in the retina. Secondary cataract develops as a later complication. 

The occurrence of a pigmentary degeneration of the retina in the rat was 
reported by Bourne, Campbell, and Tansley (1938). These workers showed 
that the retinal lesion was inherited as a Mendelian recessive condition, with 
no evidence of sex-linkage. It commenced at an early age as a primary 
degeneration of the neuro-epithelium, particularly affecting the rod cells, and 
secondary changes affecting other retinal layers. In the case of pigmented 
retinae, the migration of pigment granules through the retina was observed. 
The close similarity between the clinical picture shown by the rats carrying 
this hereditary retinal lesion, and the human form of retinitis pigmentosa 
was pointed out, and led these authors to describe the lesion as “retinitis 
pigmentosa”’ in rats. 

The close similarity in morphology between the condition in man and the 
retinal lesion in the rat suggested that an investigation into the retinal meta- 
bolism in these animals might help to elucidate the aetiology of the disease, 
which might have some bearing on the disease in man. 

Anaerobic glycolysis is so outstanding a feature of retinal metabolism that 
it was selected for the primary study in this investigation. Warburg, Posener, 
and Negelein (1924), working on the normal rat, found retinal anaerobic 
glycolysis to be extremely high; higher in fact than that found for any other 
mammalian tissue or even in the majority of carcinogenic cells. It is surprising 
that there is no record in the literature of any,attempt to correlate this very 
high rate of metabolic activity with retinal function. 





* Received for publication September 3, 1958. 
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Experimental Methods 

The rats used in these experiments were bred from descendants of the original 
colony described by Bourne and others (1938) and maintained in the Research 
Department of the Birmingham and Midland Eye Hospital. 

The colony was kept under normal conditions and fed a complete proprietary 
diet (British Flour Millers, No. 41), with daily supplements of milk and boiled 
cow’s liver. 

Since the condition is of the Mendelian recessive type, it was necessary to estab- 
lish the pure line. A known affected animal was crossed with a normal animal to 
yield the F; generation. These were back-crossed with the affected parents to 
give the F, generation, 50 per cent. of which would normally be affected animals, 
and the rest carriers of the lesion. The affected animals were differentiated by the 
removal of one eye for sectioning, under anaesthesia. The affected rats, thus found 
by the presence of the degeneration in the retina, were then cross-bred. Inbreed- 
ing was continued for many generations and the strain bred true (F3). To facili- 
tate the dissection of the retinae for metabolic work, only black and white rats were 
used in this work. Animals of the F; generation were used as control animals. . 

For metabolic work, the rats were killed by breaking the neck. Death was 
instantaneous, and the eyes were immediately removed and placed in complete 
buffer solution. The cornea was slit at the limbus with a fine von Graefe cataract 
knife, and the lens extruded by gentle pressure with fine iris forceps. The whole 
of the cornea was next cut off with pointed scissors, after which stage the retina 
was clearly visible as a purplish membrane. The tissue was carefully loosened 
from the choroid and detached from its attachment at the optic nerve. 

Two retinae from one animal were used for the estimation of anaerobic glycolysis. 
Immediately after being dissected out they were placed in 3 ml. buffer in a Warburg 
cup fitted with one side-arm. The buffer was Krebs—Henseleit isotonic bicarbonate 
saline (Krebs and Henseleit, 1932), containing 250 mg. per cent. glucose. The 
retinae in the flask were gassed for 10 minutes with a gas mixture of 95 per cent. 
nitrogen and 5 per cent. carbon dioxide. 

Estimations of the rate of anaerobic glycolysis were made manometrically using 
the Warburg apparatus. The general technique adopted was that recommended 
by Umbreit, Burris, and Stauffer (1945). 

It was found that the delicate structure of the retina made it impossible to obtain 
the dry weight of the individual pairs of retinae used in an experiment. From 
estimations made by recovering the tissue after one hour’s shaking in the Warburg 
apparatus, it was found that losses of up to 30 per cent. in the dry weight were 
occurring. To show that there was no difference between the tissue weights of 
tetinae from affected animals and those from normal controls, the retinal dry 
weights were measured in a separate experiment. The retinae were dissected out 
as described above, washed in isotonic saline, and placed in small glass cups, of 
average weight 120 mg. The retinae were dried for 24 hours at 110°C. After 
cooling in a desiccator, the cups were weighed on a Stanton semi-micro balance. 
The cups were freed from dried tissue with hot chromic acid solution, washed in 
distilled water, dried in a desiccator, and re-weighed. In a few experiments, the 
manometric estimation of lactic acid produced by the retinae was checked by a 
chemical estimation. The method used was the modification recommended by 
Umbreit and others (1945), from the method of Barker and Summerson (1941). 
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Procedure 
(i) Anaerobic Glycolysis.—Black and white rats between the ages of 12 and 37 

days were used for this study. Anaerobic glycolysis of the two retinae from one 
animal was measured in 84 normal and 112 affected rats. The results are given in 
Table I, expressed in ul. CO, produced in one hour by two retinae from one 
animal under the standard conditions described. The daily mean anaerobic gly- 
colysis of all results is plotted against age in days in Fig. 1 (opposite). 

TABLE I 


DAILY MEAN ANAEROBIC GLYCOLYSIS IN NORMAL AND AFFECTED 
RATS SHOWN AS MICROLITRES CO, PRODUCED IN ONE HOUR BY 
TWO RETINAE FROM ONE ANIMAL (See also Fig. 1) 


Control Rats (F;) Affected Rats (F3) 





Age (days) 





Mean (ul. CO) No. of Tests Mean (ul. CO2) No. of Tests 


126 
133 
139 
146 





141 
153 
146 
169 
184 
186 
185 
198 
206 


— 
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In order to establish the real significance of the results for anaerobic glycolysis, 
the values shown in Table I were subjected to a statistical analysis (Table IA). 
TABLE IA 


STATISTICAL ANALYSIS OF RESULTS FOR ANAEROBIC GLYCOLYSIS 
FROM THE AFFECTED AND CONTROL RATS 








Actual Difference 
Age (days) between Means S.E.M. 
of Two Groups 





15-43 46 
16-398 4-07 
41-074 4-0 approx. 
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Fic. 1.—Daily mean anaerobic glycolysis in pairs of retinae, by age. 


Metabolic results are normally presented in the ““Q”’ notation. This system is 
a method of expressing the results of metabolic experiments, and in the case of 
anaerobic estimations is the amount of carbon dioxide, measured in pl., produced 
by one mg. tissue (dry weight) in one hour under standard conditions. The 
carbon dioxide arises by the interaction of the lactic acid produced by the tissue 
under conditions of anaerobiosis with the bicarbonate buffer solution. Gas output 


is indicated by a plus sign preceding the quotient. In the discussion, the meta- 
bolic results are compared with those obtained from the retina of the rabbit by 
other workers after the systemic administration of retinal poisons. In order to 
facilitate this comparison, the present results are expressed in the conventional 
notation in Table II, by the adoption of the glycolytic values from Table I and the 
retinal dry weights from Table III (overleaf). 


TABLE If 
ANAEROBIC GLYCOLYSIS RESULTS EXPRESSED IN “Q” NOTATION 


N 
2 
Qo, 








Age (days) 
Control Rats (F;) Affected Rats (F3) 





12—15 +46 +44 
16—21 +59 +53 
22—25 +63 +52 
26—29 +59 +53 

32 — +47 











(ii) Retinal Dry Weight.—The separate estimations of retinal dry weight were 
made, as described, on rats at 14, 16, 21, and 25 days of age to cover the significant 
stages of the metabolic investigation. A few other estimations were made for 29 
and 32 days (Table III, overleaf). 

45 
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TABLE Ill 
RETINAL DRY WEIGHTS 
Each measurement (mg.) in normal and affected rats represents one pair of dried 
retinae taken from one animal (See also Fig. 2). 
Retinal Dry Weight (mg.) 
e } 
ae. Control Rats ‘: | Affected Rats (F3) 
Individuals Mean Individuals | Mean 
3-05; 3-39; 3-27; 3-21; 3-33; 3-41; 3-19; 2-89; . 
14 | 3-41 | 327 | 3.92: 3.07: 2:97 | 7H 
| 3-28; 2-96; 3°19; 3-01; 3-27; 3-21; 3°53; 3°15; 
16 3-09; 3-33; 3-05; 3-21; 3:17 3-20; 3-18; 3-17; 3-22; 3-23 
3-50; 3-03 3-15 
| 3-37; 3-53; 3-38; 3-12: 3-48; 3-66; 3-57; 3-58; 
21 3-31; 3-43; 3°12; 3-46; 3-36 3-01; 3-55; 3-27: 3-51; 3-42 
3-48; 3-59; 3-42 3:18 
3-54; 3-53; 3-03; 3-36; 3-62; 3-37; 3-19; 3-24; 
25 3-34; 3-59; 3-49; 3-42; 3-42 3:49: 3-57: 3:40; 3:48: 3:42 
3-44; 3-36; 3-34; 3-64 3-53; 3-29 
2-78: 3-11; 3-34; 3-02; 
32 = 3 3-88: 3-85 3-33 








In Fig. 2 the daily mean retinal dry weight is plotted against age for the period 
14 to 32 days of age. 
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Fic. 2.—Mean retinal dry weight, by age. 
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The results for retinal dry weight were subjected to statistical analysis in order 
to check that the results obtained showed a truly significant difference between the 
two groups (Table IV). 




















TABLE IV 
STATISTICAL ANALYSIS OF RETINAL DRY WEIGHTS 
DF ss MS 
| 
Between days F; 38 ve ce ‘S 3 4,065 1355 
Between days F3 oi bs en ‘is pe 3 5,643 1881 
Between F; and F3.. saad sigs ae os 1 12 12 
Within (Residual) .. iy :e 13 “ 65 17,620 271 
Total Se one oe a nee | 72 27,340 380 
Within Days Variance Means (mg.) 
F, only 244 F, a 331-8 
F; only 301 F3 = 331-0 
Both = 3314 





(iii) Lactic Acid Production.—A series of experiments was performed to check 
that the retinal tissue produced only lactic acid from the glucose in the buffer. 


Table V gives the comparison of the amount of lactic acid found by this means with 
that calculated from the manometric technique. 


TABLE V 


COMPARISON OF LACTIC ACID, MEASURED MANOMETRICALLY, 
WITH CHEMICAL ESTIMATION 



































| Lactic Acid Equivalent (yu. CO2) 
Age (days) | se Fs 

Measured Measured Measured Measured 
Manometrically Chemically Manometrically Chemically 

148 160 —_— oa 

12 145 152 -- _ 

— — 146 169 

13 a os | 138 145 

Results 


(1) Anaerobic Glycolysis.—The measurements of anaerobic glycolysis extend- 
_ ing Over the age range 12 to 37 days are shown in Table I. This age range was 
chosen to cover the period before the onset of the degeneration as seen 
histologically, up to the time when the dystrophy was fairly well advanced. 
Before 15 days, no histological sign of the dystrophy can be seen in the 
affected rats. The first abnormality seen in. the affected animals is a pyknotic 
nucleus in the outer nuclear layer at about 15 days. By about 23 days of 
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age the whole visual cell layer is considerably disrupted. Some of the tissue 
is removed, probably by phagocytosis, until eventually the visual cell layer 
has lost its cellular structure entirely. At about 30 days of age thinning of 
the cells in the outer nuclear layer has begun. During the ensuing months 
the whole retina is considerably altered by progressive degeneration of its 
various layers until in the later stages it is almost unrecognizable. 


(a) From 12 to 15 Days of Age.—In rats of 12 to 15 days of age it was found 
necessary to perform a large number of experiments, since there was con- 
siderable overlapping in the results. Fig. 1 shows that there is a difference 
between the two groups although this is smaller than.in older animals. Since 
the analysis of the retinal dry weights over this age period showed no differ- 
ence between normal and affected animals, it is clear that the metabolic 
difference must be significant. It is most interesting to find that, even at 
this early age when no sign of the degeneration can be seen under the micro- 
scope, the anaerobic metabolism is lower than normal in affected animals. 


(b) From 16 to 25 Days of Age.—There was a marked difference between 
the anaerobic glycolysis of affected animals and that of normal controls in 
this age group. In fact, there was virtually no overlap between them. At 
16 days the histological signs of the degeneration are so slight that no loss of 
tissue had occurred. The only abnormality was seen in the distal segments 
of the rod cells, which appeared to break down into an amorphous mass. At 
this age very few of the rod cell nuclei were pyknotic, although over the next 
few days the number of necrosed cells increased. The rate of metabolism 
did not alter appreciably as the retina became progressively disorganized. 
In affected animals the anaerobic glycolysis is about 18 per cent. lower than 
normal, but in both groups there was a slight increase in the rate of meta- 
bolic activity which, in the main, followed the growth curve. The retinal dry 
weights for both groups showed a similar small increase during this period, 
showing that some active growth was still occurring. 


(c) Over 30 Days of Age.—Fig. 1 shows that a further drop in the results 
for anaerobic glycolysis occurred in rats over 30 days old. This fall is to 
approximately 36 per cent. lower than normal, or about twice the difference 
between the two groups at the earlier age. A parallel histological investi- 
gation was not carried out in this group but, from the description already 
supplied by the original authors, it would seem that this second fall in meta- 
bolism coincides with the complete disintegration of the visual cell layer. 


(2) Retinal Dry Weight.—The results for anaerobic glycolysis show a clear 
difference between normal and affected retinae, but it was also necessary to 
show that this difference was not due solely to a simple difference in tissue 
weight. The results recorded in Table II and the statistical analysis given 
in Table III confirm that no significant difference is present in the weight of 
the retinae from either group of rats up to 29 days of age. A slight increase 
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due to the normal growth processes does take place in both groups and this 
is paralleled in the metabolic results. Both groups follow about the same 


upward curve. 
Discussion 

(1) Anaerobic Glycolysis.—In considering the results obtained from measure- 
ments of anaerobic glycolysis of the retinae of affected rats, it must be 
remembered that the retina consists of a number of distinct layers which are 
nourished from the blood stream in two different ways. The visual cell layer 
is supplied by the dense choroidal capillary network, via the pigmentary 
epithelial layer, whilst the inner layers receive their nutrition from the retinal 
capillary system. It is not unlikely that the metabolism of some of the retinal 
jayers could be impaired whilst the remainder of the tissue still functioned 
normally. 

This investigation has shown that the anaerobic glycolysis is about 18 per 
cent. lower in affected rat retinae than in normal retinae, at a time when the 
histological signs of the degeneration are not visible. It is possible that this 
fall in anaerobic glycolysis originates mainly in the outer visual cell layer, and 
that if it could be measured for this layer alone the result would be much 
lower still. 

It is an interesting fact that aerobic glycolysis in the retinae from rats bred 
from the colony described in this paper has also been found to be appreciably 
lower in affected animals, at a time when the signs of the dystrophy are not 
visible histologically (Lucas and Newhouse, 1956). 

The theory that the production of an enzyme is under the control of a 
single gene has been supported by much recent work (Beadle, 1945; Mitchell, 
1950). It may be that, in the retinal lesion in the rat, the fall in anaerobic 
glycolysis is due to the fact that one of the enzymes concerned is absent or 
abnormal. If such a mechanism could be shown to be responsible for the 
metabolic abnormality, it would enable the lesion to be classified as an inborn 
error of metabolism (Garrod, 1923). 


(2) Comparison of the Hereditary Lesion with Chemically-Induced Retinal 
Lesions.—The hereditary retinal lesion described above is closely simulated 
by others produced in the laboratory by treatment of animals with certain 
chemical agents. A similar chemically-induced lesion in man has also been 
reported. Comparisons with these lesions offer a fresh approach to the 
general problems of the causative factors involved, although it must be 
remembered that there are differences between the chemically-induced lesions 
and those which occur naturally. 

The earliest example of a chemically-induced retinal lesion was described 
by Riehm (1929), who examined patients treated with intravenous injections 
of an iodine-containing antiseptic solution, septo-iodine. This toxic sub- 
stance produced a severe loss of vision, which showed ophthalmoscopically 
the typical signs of a pigmentary degeneration of the retina. 
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Riehm (1929) followed up this work with a study of the effects of injections 
of septo-iodine in rabbits. Histologically, he found that within 4 days of the 
injection the visual cell layer had perished, and that by 6 weeks the whole 
outer nuclear layer had disappeared. Similar results were obtained by 
Sorsby (1941) by treating rabbits with injections of sodium iodate, one of the 
principal constituents of septo-iodine. 

More recently, Noell and Chinn (1949) found that the intravenous injection 
of sodium iodoacetate in rabbits abolished the visual response to illumi- 
nation, as seen by the disappearance of the electroretinogram. Further work 
by Noell (1951, 1952) ascribed this to a direct effect by iodoacetate on the 
retina. At lower doses this abolition of the electroretinogram was reversible, 
but when the amount injected was increased the effect became permanent. 
Noell concluded that the “impairment of sensory function preceded the 
structural changes in the retina’, and later demonstrated that, in rabbits in 
which the electroretinogram had been permanently abolished, the visual cell 
layer had completely disappeared with preservation of the inner layers. 
Animals which recovered from the iodoacetate treatment showed no morpho- 
logical changes in the retina. The effect of iodoacetate appeared to be a 
direct attack on the visual cells, any modification in the pigmentary epithelium 
being secondary. 

Noell (1951) held the view that iodoacetate interfered primarily with anae- 
robic glycolysis of the retina, which he deduced from experiments combining 
the effects of anoxia with injections of this chemical. This showed that the 
least resistant element of the electroretinogram to iodoacetate was that which 
was least affected by lack of oxygen. 

Noell (1956) stated that he had later confirmed this hypothesis by mano- 
metric measurements of the retinal metabolism of rabbits treated with iodo- 
acetate. He found a value for anaerobic glycolysis of Orn. = +46 ina 
retina which had lost its visual cell layer. His value for the normal rabbit 
retina was +69, which is comparable with the value of +60 obtained in the 
present experiment on normal rat retina. Again, the figure obtained for 
affected rat retinae between the ages of 12 and 30 days was +51, and this fell 
to +47 in rats over 30 days of age, which is close to the value obtained by 
Noell. | 

It must be stressed that, whereas Noell’s figures were obtained 4 weeks 
after the electroretinogram had been entirely abolished and the visual cell 
layer had disappeared, anaerobic glycolysis was measured in the present 
study, at a time when the lesion was actually developing in the growing retina, 
and was therefore closely related to vital processes. The metabolism was 
low several days before there were any histological signs of degeneration. 
The latter first appeared at 15 days of age, and by about 30 days of age the 
visual cell layer was almost entirely removed by phagocytosis. The second 
fall in anaerobic glycolysis occurred at this point when the degree of damage 
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in the rat tissue can be compared with the effect produced by iodoacetate 
poisoning, described by Noell, working on the rabbit. The close similarity 
between the anaerobic metabolism in the rat and the rabbit, at this stage, is 
most striking. 

In considering the relationship between the genetically-induced lesions and 
those produced in the laboratory, it is of interest to note that Noell has found 
that the distribution of the attack by iodoacetate on the retina is identical to 
that found in sections taken from the eyes of human patients with retinitis 
pigmentosa. He concludes that iodoacetate destroys the same metabolic 
system in the retina as is deficient in the naturally-occurring retinal lesion. 
This point is further strengthened by the results here reported in the rat, 
particularly since this hereditary lesion bears such a close resemblance to the 
human disease (Bourne and others, 1938). 


(3) The Theory of Abiotrophy as applied to Retinitis Pigmentosa.—Abiotrophy 
(Gowers, 1902) is a condition in which a tissue attains normal maturity and 
subsequently undergoes a progressive retrogression. The affected tissue is 
usually one which is highly specialized and instances of abiotrophy are found 
in certain familial conditions of the nervous system of which retinitis pigmen- 
tosa is an example (Collins, 1919). 

Bourne and others (1938) classified the lesion in rats as belonging to this 
class. Other workers have found similar lesions in animals to fall into this 
category: mice (Tansley, 1951); red setter dogs (Parry, 1953). 

The acceptance of the human and animal forms of retinitis pigmentosa as 
an abiotrophy has been challenged by recent results based on the evidence of 
electroretinography (Karpe, 1949; Parry, Tansley, and Thomson, 1951; 
Bounds, 1953) and of the histological changes which occur with the develop- 
ment of the lesion (Lucas, 1954; Lucas, Attfield, and Davey, 1955). 

The results presented above show clearly that the metabolic state of the 
retina, as demonstrated by the changes in anaerobic glycolysis, is depressed 
before any histological changes are apparent. These results, therefore, do 
not support the theory that, in the rat at least, the lesion is an abiotrophy. 


Summary 


(1) The disease retinitis pigmentosa in man is described and compared 
with a similar retinal lesion found to occur spontaneously in the rat. 


(2) The results are presented of an investigation into the anaerobic meta- 
bolism of the retina from affected animals of from 12 to 35 days of age. 


(3) No difference was found between the dry weight of normal and 
affected retinae, at least up to 30 days of age, and the decline in anaerobic 
glycolysis in affected animals is not due merely to the loss of retinal tissue. 
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(4) Anaerobic glycolysis in affected rats is significantly lower than in con- 
trol animals. The decreased rate of metabolic activity is present before there 
is any histological evidence of tissue abnormality. 


(5) The results are discussed in relation to various naturally-occurring 
retinal lesions and to lesions induced by toxic chemical agents. 


(6) The low rate of anaerobic glycolysis in the retina of this rat colony is 
very similar to that found in studies of rabbit retinae treated with iodo- 


acetate injections. 


(7) The literature on the theory of abiotrophy as applied to hereditary 
retinal lesions is discussed, and the evidence of metabolic studies added to 


that of other recent work. 


(8) The conclusion is drawn that the term abiotrophy, in this context, adds 
little to the understanding of the nature of the disease, and is not supported 


by recent findings. 
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DARKROOM OUTFLOW TEST IN UNILATERAL 
CLOSED-ANGLE GLAUCOMA* 


BY 


WALLACE S. FOULDS 
Addenbrooke’s Hospital, Cambridget 


MACKENZIE (1854) noted that where glaucoma had affected one eye it usually 
extended also to the other. In closed-angle glaucoma, a disease largely 
determined by anatomical factors, the similarity of fellow eyes in any one 
patient is likely to result in the bilateral, rather than unilateral incidence of 
the disease, and in fact there is a strong body of opinion in favour of a prophy- 
lactic peripheral iridectomy in the second eye of a patient who has suffered a 
unilateral acute attack of glaucoma (Scheie, 1949; Chandler, 1952; Barkan, 
1954; Winter, 1955; Sugar, 1957). 

Bain (1957) investigated the fate of the second eye in 200 cases of acute 
unilateral closed-angle glaucoma and found that more than half of these eyes 
developed clinical evidence of glaucoma over the course of 4 to 5 years. 
Sixty of these second eyes were submitted to the darkroom test and a positive 
rise in ocular tension was obtained in ten. Bain suggested that a more 
efficient provocative test would have disclosed evidence of the disease in a 
greater number of these eyes. 

As the darkroom outflow test (Foulds, 1956) has been found to be more 
sensitive than the standard darkroom test, it was used to investigate the 
second eye of 79 cases of apparently unilateral closed-angle glaucoma, and 
the results are presented below. 

Of the 79 patients investigated, each had either had an acute attack of 
glaucoma in one eye or else one eye had been seen in a sub-acute attack with 
a closed angle and raised ocular tension. Seventeen of these cases had 
symptoms (haloes) suggestive of glaucoma in the second eye, while the remain- 
ing 62 were symptom-free. All were submitted to a darkroom test of one 
hour’s duration, the ocular tension and facility of aqueous outflow being 
determined before and after the period in the dark. A rise of more than 
8 mm. Hg was regarded as a positive result with the test, as was a fall of more 
than 30 per cent. in outflow level. 

In the 79 eyes tested, a positive rise in ocular tension occurred in 22 (27-8 
per cent.), whereas a marked decrease in the facility of outflow was found 
in 45 (57 per cent.), a difference which is significant (x?=12-07; n=1; 
P=<0-001). 


* Received for publication January 14, 1959. 
t Incorporating work conus ¢ oF at the Glaucoma Clinic of the Institute of Ophthalmology. Director of 


Research: Sir Stewart Duke-Eld 
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The results of the test were analysed to determine the significance of the 
presence or absence of symptoms. Consideration was given first to the 
change in ocular tension. Of the seventeen eyes with symptoms suggestive 
of glaucoma, eight gave a positive rise in tension with the test (47-1 per cent.), 
compared with fourteen positive results in the remaining 62 eyes which were 
symptom-free (27-5 per cent.). 

As was expected, a significantly greater number of those eyes with symp- 
toms of the disease showed a positive rise in ocular tension with the test 
{x2 =7-34; n=1; P= <0-001), but it is to be noted that, even so, the test was 
negative in more than half the cases which could be diagnosed clinically as 
having closed-angle glaucoma. 

When the change in the facility of outflow with the test was considered, it 
was found that in fourteen of the seventeen eyes (82-4 per cent.) with symp- 
toms, the test was followed by a decrease in the facility of outflow of more 
than thirty per cent. of the initial level, while in one other case the level of 
outflow was already abnormally low at the start of the test (c=0-05). Of the 
62 eyes which were symptom-free, thirty (48-4 per cent.) showed a positive 
result with the darkroom outflow test. Although the darkroom outflow test 
was positive in nearly all eyes exhibiting symptoms of the disease, it was also 
positive in a large number of those which were symptom-free, and in fact the 
incidence of positive results with this test was not significantly different in the 
two categories (x2 =1-40; n=1; P= >0-10). 

Discussion 

As would be expected from anatomical considerations, definite evidence of 
closed-angle glaucoma can be demonstrated in the second eye of the majority 
of cases wherein the disease appears to be unilateral. The fact that the dark- 
room test frequently fails to provoke a rise in ocular tension, even where 
there are symptoms of glaucoma, underlines the fact that, although a positive 
result is of great significance, no reliance should be. placed on a negative 
darkroom test in the diagnosis of closed-angle glaucoma. While it is true 
that the darkroom outflow test was positive in the majority of the eyes investi- 
gated, it is likely that it too failed to disclose evidence of the disease in some 
of the eyes which were affected. Even so, the high proportion of positive 
results with this test in the present series lends support to the view that a 
prophylactic peripheral iridectomy should be performed on the second eye 
in cases of apparently unilateral closed-angle glaucoma, provided that this 
eye is anatomically similar to the affected one. 


Summary 


A group of 79 cases of unilateral closed-angle glaucoma was investigated 
by means of the darkroom and darkroom outflow tests, to see whether there 
was evidence of the disease in the apparently unaffected eye. The darkroom 
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test was positive in 27-8 per cent. of the eyes tested, and the darkroom outflow 
test was positive in 57 per cent. The results of the two tests were correlated 
with the presence or absence of symptoms. The significance of the findings 
in relation to the treatment of closed-angle glaucoma is discussed. 


I acknowledge with thanks the helpful criticism given me by Sir Stewart Duke-Elder in the 
preparation of this paper. 
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VARIANT OF DUANE’S RETRACTION SYNDROME* 


BY 


HAMIDA SAIDUZZAFAR 
Muslim University Institute of Ophthalmology, Aligarh, India 


THE retraction syndrome was first reported by Stilling (1887). Duane (1905) 


reported a series of 54 cases in detail and the condition has come to be known 
as Duane’s retraction syndrome. It involves a congenital abnormality of the 
horizontally acting intra-ocular muscles, most commonly the lateral rectus, 
and is not associated with any lesion of the central nervous system. It is 
usually uniocular and appears to be more common in females. Characteris- 
tically there is complete limitation of abduction, with retraction of the globe 
and a marked upshoot or downdrift of the affected eye on attempted ad- 
duction. 

It is agreed by most authors that the lesion is peripheral, and that the limi- 
tation of movement of the lateral rectus is due to the replacement of muscle 
tissue by an inelastic fibrous band (Duke-Elder, 1949). This fibrous band 
can neither contract nor relax as normal muscles do, so that on contraction of 
the medial rectus the eyeball is retracted backwards instead of moving nor- 
mally inwards. Some workers attribute the retraction of the eyeball to 
faulty insertions of the medial rectus muscle and check ligaments, while 
others have postulated the presence of an atavistic retractor bulbi. 

The fact that diplopia is usually absent is understandable, because the syn- 


drome is present from birth. 
In the Gandhi Eye Hospital, we have come across a number of cases with 


the usual features of Duane’s syndrome, but the case reported below presen- 
ted certain unusual features, including diplopia. 


Case Report 


A girl aged 16 years had had diplopia and strabismus in the right eye since childhood. 
She could overcome the diplopia by turning the head to the right. 


Visual Acuity.—6/6 with glasses in both eyes. 
Head Posture.—The head was turned to the right and tilted to the left shoulder. 


Cover Test.—The right eye showed excessive divergence and slight elevation, especially 
on any attempt to adduct the left eye (Fig. 1a). The left eye was normal. 





* Received for publication January 5, 1959. + Associated with the Gandhi Hospital. 





DUANE’S RETRACTION SYNDROME 
Ocular Movements.—There was no deviation in the primary position (Fig. 15). 


Uniocular Right eye, normal. 
Left eye, abduction absent beyond the midline. 
Adduction limited, and when attempted caused retraction of the eye- 


ball and narrowing of the palpebral fissure. 


Ric. 1(a).—Position adopted by right eye Fic, 1(6).—Primary position with forcible 
on cover test. straightening of head. 


Fic. 1(c).—Dextroversion. Fic. 1(¢).—Laevoversion. 


Binocular Dextroversion: Updrift of right eye, accompanied by narrowing of 
the palpebral fissure and enophthalmos of the left eye (Fig. ic). 


Laevoversion: Excessive adduction of right eye and limitation of 


abduction of left eye with widening of the palpebral fissure (Fig. 1d). 


Convergence Right eye, normal. 
Left eye, very poor. 


Pine Screen Test.—Paresis of left medial rectus and overaction of right lateral rectus 
1g. . 


Green giass in front of left eye Green glass tn front of right eye 


Fic. 2.—Hess screen test. 
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Diplopia Test.—Crossed diplopia to the right and a variable amount of homonymous 
diplopia to the left. 


Binocular Field of Fixation —Diplopia in the whole binocular field except for a small 
area in the left-hand lower quandrant. 


This case showed the following unusual features: 
(i) The eyes were straight in the primary position, with involvement of both lateral 
and medial recti of the left eye. 


(ii) Although there was a marked limitation of movement of the left lateral rectus, 


there were all the signs of a paralysis of the left medial rectus: compensatory head 
posture, Hess screen test, diplopia test, and binocular field of fixation. 
When the head was forcibly straightened, diplopia resulted. 


The overaction of the right lateral rectus as revealed by the cover test further 
emphasized the apparent paralysis of the left medial rectus (Fig. la). There 
was also over-action of the right medial rectus on laevoversion, as expected. 


Summary 


This case has been described in some detail because variants of the classic 
syndrome pose certain problems in diagnosis and treatment. 

It appears that the left medial rectus muscle either has a gross anomaly of 
insertion or is fibrotic in nature, so masking the effect of the left lateral rectus 
palsy. The exact nature of the defect could only be established by explora- 
tory operation, to which the patient would not agree. 
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BOOK REVIEWS 


Transplantation of Tissues. Edited by L. A. Peer. Vol. 2, 1959. Pp. 690, illus. 
Bailliére, Tindall and Cox, London. (£8). 

This volume deals with a wide variety of transplantations of tissues—skin, fat, nerves, 
teeth, blood vessels, endocrine glands, organs, peritoneum, cancer cells—in addition to 
the cornea. The section on the last-named, which will interest readers of this Journal, 
has been contributed by Castroviejo of New York. It comprises two chapters and 
occupies 18 pages; it is short, didactic, and contains no new information beyond that 
fully annotated in the ophthalmic journals. 


Vision Screening for Elementary Schools. By H. L. Bum, H. B. Perers, and J. W. 
BETTMAN. 1959. Pp. 146. University of California Press, Berkeley and Los 
Angeles, U.S.A. (28s.) 

This monograph presents a review of some previous studies and a detailed analysis of 
one extensive survey. The practical and statistical problems involved are discussed at 
some length, and this should prove a useful guide to future screening programmes. 


NOTES 


REFRESHER COURSES IN OPHTHALMOLOGY 


For the second year running, a Refresher Course in Ophthalmology was organized by 


Professor Arnold Sorsby at the Courage Laboratory, Royal Eye Hospital, in February, 
1959. The course included visits to the Maida Vale Hospital for Nervous Diseases, the 


Westminster Branch of Moorfields, and the Royal College of Surgeons. 
Professor Sorsby has kindly agreed to organize a similar Course from February 15-19, 


1960. Any ophthalmologist wishing to attend this Course should write to: 
Mr. G. W. Hoare, 16, Clytha Park, Newport, Mon. 


OBITUARY 


MOACYR E. ALVARO 


Many of our readers, particularly those who have international contacts, will regret to 
hear that Moacyr Alvaro died on July 19, 1959, after a few weeks’ illness. Alvaro was 
the most prominent international figure in South American ophthalmology, and had been 
for long the moving spirit in the Pan-American Association of Ophthalmology, the success 
of which depended essentially on his personal endeavours and enthusiasms. He was a 
member of the International Council of Ophthalmology from 1948 to 1958, and those of 
us who have met him so often on both sides of the Atlantic at international meetings will 
miss him. We extend our sympathy to his widow who had identified herself with the 


international ophthalmological community as wholeheartedly as her husband. 
703 








Brit. J. Ophthal. (1959) 43, 704. 


ROBERT RUTSON JAMES, 1881-1959 


To some of us this Journal is doubtless something to be glanced through and thrown 
away; equally probably most of us read it and keep it. But to one person it was one of 
the few big things in the world that mattered. Robert Rutson James, in the 25 years 
during which he was an editor (1924-48), loved the preparation of each page of it, caring 
for its welfare as if it were his own child and maintaining its reputation with unfailing 
industry and infinite meticulousness. 

James died—quietly as he had lived—at his home in Woodbridge on September 28, 
1959, one week before his 78th birthday. He was born and bred in a West-country 
_ parsonage, a background which has produced many of this nation’s best men and women. 

His childhood experiences in observing parental management of village folk and their 
problems contributed much to his humanity, his constant and sensitive consideration for 
the feelings of others, his abounding patience and kindness. His early life was saddened 
by ill-health and the tragedy of many losses in his family. 

Educated at Winchester College he was an admirable example of ‘‘manners makyth 
man”. From Winchester he went to St. George’s Hospital and qualified in 1905; in 
1906 he gained the F.R.C.S. In 1907 he worked at Moorfields Eye Hospital under 
William Lang and Sir John Parsons and at the Royal Westminster Ophthalmic Hospital 
under Brewerton and MacMullen. He was appointed to the consulting staff of St. 
George’s at the early age of 28, and he became dean of the medical school (1918-22) and 
also its treasurer (1926-31). 

His courtesy, always so genuine, was constant to whomsoever he addressed: in hospital 
practice the rough navvy, the bewildered old lady, or the apprehensive child received the 
same careful and kindly attention. A nervous student applying for admission to the 
medical school would at once be put at his ease and after being conducted round the 
hospital would go away feeling that he had been treated with the respect due to a dis- 
tinguished visitor. With characteristic generosity after he had resigned from the hospital 
he gave a considerable sum of money to be applied by his successors in the deanship for 
the benefit of students of the school who might get into financial difficulties. 

As an eye surgeon Rutson James was meticulous, and in clinical work his powers of 
observation were acute, shrewd, and accurate at a time when the instrumental aids to the 
minute examination of the eye were simple and less elaborate than they are to-day. 
Shy, hypersensitive, and retiring, he preferred to have a small, private practice of devoted 
patients. It was the inevitable stresses of surgical work which caused him to retire 
prematurely from his hospital appointment and practice to seek a happy retreat among 
his books. 

He was an erudite scholar who maintained throughout his life a love of classical 
literature, history, and archaeology, spending much time in antiquarian research. Apart 
from his ophthalmological papers he was the author of several historical works each 
showing the evidence of wide research—The School of Anatomy adjoining St. George’s 
Hospital, 1830-1863 (1933), Studies in the History of Ophthalmology prior to 1800 A.D. 
(1933), and Medical Practitioners in the Diocese of London, 1529-1735 (1935). In 
addition to the editorship of this Journal, he was editor of the Transactions of the 
Ophthalmological Society of the United Kingdom from 1939 to 1945. He was secretary 
of the society (1918-21) and Bowman librarian (1927) and was accorded the rare distinc- 
tion of being elected an honorary member (1936). His writings were in impeccable 
English and his annotations charged with whimsical wit. As a proof-corrector he had 
no peer, even up to the time of his death. 

He was an admirable doctor, a perfect gentleman, a generous and lovable friend. His 
wife died in March of this year and our sympathy is extended to his only daughter who 


survives him. 


704 














wn 
> of 
ars 


ling 


28, 
try 
en. 
1eir 
for 
ned 


yth 


der 
ital 


and 


ital 
the 
the 
the 
lis- 
ital 
for 


, of 
the 
jay. 
ted 
tire 
ng 


cal 
art 
ach 
re’S 


the 
ary 
nc- 
ble 
iad 


His 
ho 








Brit. J. Ophthal. (1959) 43, 705. 


COMMUNICATIONS 


INFLUENCE OF THE INTRA-OCULAR PRESSURE ON 
THE FORMATION OF THE AQUEOUS HUMOUR AND 
THE OUTFLOW RESISTANCE IN THE LIVING EYE* 


BY 


MAURICE E. LANGHAM 


From the Medical Research Council, England, and the Howe Laboratory of Ophthalmology, Harvard 
University Medical School 


THIS study deals with the problem of the regulation of the intra-ocular 
pressure and the influence of pressure on the formation and the resistance 
to outflow of the aqueous humour. The main experimental approach has 
been to analyse the relationship between the steady state intra-ocular pressure 
and varied rates of flow of fluid through the anterior chamber of living and 
dead eyes. In the experiments on living animals, the normal rate of flow of 
aqueous humour was augmented by infusions of fluid directly into the 
anterior chamber. Provided that the factors determining the normal intra- 
ocular pressure remain constant, it is evident that the equilibrium pressure 
in the eye will increase proportionately with the rate at which fluid is infused 
into the eye. In the experiments to be described, a linear relationship was 
found in dead eyes over a wide range of pressures but not in eyes of living 
animals. 

The results of these studies were consistent with a concept of homeostatic 
reflex activity in the eye which acted to minimize changes in the intra-ocular 
pressure, by altering either aqueous humour formation or the outflow re- 
sistance. This possibility was examined in further experiments in which 
the normal intra-ocular pressure and dynamics were modified experimentally. 
These included procedures for decreasing the rate of aqueous humour 
formation and the outflow resistance, and experiments in which either the 
nervous or the vascular supply to the eye was altered. 

Recently, the problem of the influence of pressure on aqueous humour 
dynamics has taken on additional significance following the introduction 
of tonography (Grant, 1950, 1951) for the measurement of the outflow facility 
and aqueous humour formation. This technique has been widely used in 
experimental and clinical studies, and its validity rests on the assumption 
that a moderate increase in intra-ocular pressure (10 to 15 mm. Hg) does not 





: * Received for publication September 11, 1959. 
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significantly disturb aqueous humour formation or outflow resistance. The 
outflow resistance is calculated from the rate of change in the intra-ocular 
volume when a tonometer is placed on the eye; the weight of the tonometer 
increases the pressure in the eye and this causes an increased outflow of 
aqueous humour accompanied by a gradual fall in the intra-ocular pressure. 
The validity of this assumption is examined in this paper. 


Methods 


Male and female rabbits used in this study weighed from 1-8 to 3-5 kg.; approxi- 
mately 75 per cent were New Zealand white and the remainder were pigmented. 
Animals were anaesthetized with Nembutal (0-5 to 1-0 ml./kg.) or Urethane 
(0-8 to 1-75 g./kg.) given intravenously. 

The intra-ocular and blood pressures were recorded with electrical pressure 
transducers made either by Statham Instruments (California, U.S.A.) or Sanborn 
Instruments (Waltham, Mass., U.S.A.). The Statham transducer (P23 G) had a 
volume displacement of 0-01 y1./100 mm. Hg, and the Sanborn 267 B transducer 
a volume displacement of 0-05 u1./100 mm. Hg. The electrical outputs of the 
transducers were fed into Sanborn Instruments model 150-1100 carrier pre- 
amplifiers and the Sanborn 150 M rectilinear multi-channel pen-recorder. The 
maximal sensitivity of the apparatus was 1 cm. deflection for 1 to 2 mm. Hg. 

The constant injection machine used in this study incorporated a series of eight 
gears, allowing the speed to be changed over a range of 25:1, and the rate of 
injection could be further modified by the use of syringes of different sizes. To 
reduce backlash when changing gears, a clutch and an on-off cam were built into 
the drive mechanism and in this way a gear change could be effected within 5 sec. 
The friction drive of the apparatus was found adequate to maintain a constant 
rate of injection with a recipient pressure greater than 100 mm. Hg. 

A four-way block with four taps was made to inter-connect the infusion machine, 
the pressure reservoir, the transducer, and the anterior chamber, either simul- 
taneously or separately. The block was made of Perspex, and metal cones shaped 
to take a standard syringe needle were sealed into the outlets. The taps, also made 
from Perspex, were slightly tapered and fitted closely into the block; they were 
greased with silicone grease at the start of each experiment. The taps and con- 
nexions were found to be leakproof to saline under pressure of at least 100 mm. Hg 
and one has been in continuous use for 12 months without need of replacement. 

The concentration of protein was determined by a micro-nephelometric 


technique. 


Experimental Procedure-—The animal was anaesthetized and the femoral artery 
cannulated with a polythene tube prefilled with heparinized saline. The animal 
was then laid on its stomach with its head facing forwards. Before insertion the 
recording needle was connected to a reservoir of saline at 25 mm. Hg. To bring 
the needle into the anterior chamber, the superior rectus muscle was gripped 
firmly with toothed forceps and the needle was pushed obliquely through the 
cornea from the limbal region until the bevel lay in front of the pupil. Directly 
the needle was in position the tap to the reservoir was turned off and the eye was 
connected to the transducer. The connexions between the eye and the Perspex 
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block and the manometer were kept as short as possible, and in the present ex- 
periments were about 4 inches long. At the completion of the experiment a 
sample of aqueous humour was withdrawn for protein analysis. 


Results 


It was important to the main purpose of this study to know the normal 
intra-ocular pressure of living rabbits and the pressure in the eyes immediately 
after death. Numerous attempts to measure the pressure in the living eye 
by a manometric technique have been made, but the majority of these 
experiments were carried out under grossly unphysiological conditions. 
Leber (1876) introduced needles into the eyes of a small series of conscious 
rabbits given no local anaesthetic and recorded pressures of 18 to 30 mm. Hg. 
In similar experiments, the intra-ocular pressure has been reported to vary 
from 15 to 30 mm. Hg in rabbits given curare (Wessely, 1908), chloroform 
(Stocker, 1887), or locally-applied cocaine (Niesnamoff, 1896). Except for 
the few experiments of Wessely on normal rabbits, no measurements of 
blood pressure were made, and in view of the painful procedures employed, 
the small number of animals, and the known depressor action of curare on 
the blood and intra-ocular pressures (Henderson and Starling, 1904), the 
results are unlikely to indicate the true intra-ocular pressure. Recently 
Guerry (1951) has published the results of manometric measurements of the 
intra-ocular pressure in eighteen rabbits anaesthetized with Nembutal, and 
the writer has calculated that these rabbits had a mean intra-ocular pressure 
of 18-8+1-0 mm. Hg (arithmetic mean + standard error). 


In the course of the present studies manometric measurement of the intra- 
ocular pressure was made immediately after insertion of the recording 
needle into the anterior chamber, and several recordings were also taken 
of the blood and intra-ocular pressures at the time of death. In 36 adult 
rabbits anaesthetized with Urethane, the mean pressures in the eyes and 
femoral arteries were 20-6+0-57 and 114+1-4 mm. Hg respectively. No 
correlation was found between body weight and intra-ocular pressure in this 
series of rabbits. 


In similar experiments on 22 rabbits lightly anaesthetized with Nembutal, 
the mean intra-ocular pressure was 17-2 +0-63 mm. Hg, which is significantly 
lower than that in the animals anaesthetized with Urethane (p<0-001). 
The femoral arterial blood pressure recorded in four of these rabbits had a 
mean value of 105+6 mm. Hg. The intra-ocular pressure in this series of 
rabbits agreed well with the values reported by Guerry (1951). 


The pressures in pairs of eyes were found to be essentially the same. In 
twelve rabbits the mean pressures in the left and right eyes were 20-0+0-39 
and 20-3+0-38 mm. Hg respectively, and in the same animals the mean 
pressure difference between the two eyes was 0-96 + 0-20 mm. Hg. 
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A representative record of the blood and intra-ocular pressures of a rabbit 
killed by an intravenous injection of Nembutal is shown in Fig. 1. The 
intra-ocular pressure fell rapidly immediately after death to approximately 
10 mm. Hg, and then continued to fall slowly until a value of approximately 
6 mm. Hg was reached 10 to 15 min. later. Over longer periods of time the 
pressure fell to 1 to 2 mm. Hg below this value; in three rabbits the intra- 
ocular pressures were 4 to 5 mm. Hg one hour after death. 
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Fic. 1.—Intra-ocular pressure and femoral artery blood pressure in an adult rabbit 
at death induced by an intravenous injection of Nembutal. 


Pressure decay curves from the eyes of four rabbits 10 min. after death are 
shown in Fig. 2 (opposite). 

Similar observations of the intra-ocular pressure 15 to 20 min. after 
death were made in a series of 29 eyes, and the mean final pressure was 
7040-37 mm. Hg. This value is in general agreement with the observations 
and conclusions of Henderson and Starling (1904) and Duke-Elder (1927) 
that the intra-ocular pressure of cats and dogs fell to about 10 mm. Hg 
at death and remained at this value until post-mortem changes set in. 


Infusion Studies.—In these experiments, the intra-ocular pressure was 
recorded during the injection of saline or aqueous humour into the anterior 
chamber. The normal rate of flow of the aqueous humour is generally 
accepted to be 1 to 2 per cent. min.~! (see Langham, 1958a) and on this 
basis the absolute rate of flow in the rabbits used in this study was 2 to 
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Fic. 2.—Rate of fall in intra-ocular pressure in eyes of four rabbits 10 min. after death (t =0 min.). 
At t=0 min. saline was run into the eye to bring the pressure to 30 mm. Hg; the decay curves 
are plotted logarithmically (a) and arithmetically (6). 


4 pl. min.-!. In comparison, the lowest rate of infusion used in these 
experiments was 0-5 «1. min.~!. 

First, the effect of the needle itself on the stability of the intra-ocular 
pressure was investigated. In four animals a 27-gauge needle (external 
diameter 0-4 mm.) connected to the recording manometer was introduced 
through the cornea into the anterior chamber. In three of these animals the 
blood pressure remained constant throughout the experimental period of 
60 min., and the mean intra-ocular pressure also showed no significant 
change (less than 1 to 2 mm. Hg). During longer experimental periods the 
intra-ocular pressure tended to fall independently of the blood pressure. 
The blood and intra-ocular pressures of the fourth rabbit fell by 30 and 4 mm. 
Hg respectively during the experimental period. When larger needles were 
used (e.g. 15 gauge, diameter 0-6 mm.), the intra-ocular pressure fell by 2, 0, 
and 4 mm. Hg in 60 min. in three animals. In these experiments changes in 
the permeability of the blood—aqueous barrier were assessed from quanti- 
tative analysis of the protein in the aqueous humour. In three eyes, one hour 
after the introduction of 27-gauge needles, the concentrations of protein in 
samples of aqueous humour were 15, 25, and 17 mg./100 ml., and in the 
corresponding control eyes 12, 16, and 14 mg./100 ml. With 15-gauge 
needles, the concentrations of protein in the aqueous humour after 60 min. 
were 50 and 73 mg./100 ml. in two eyes and 9 and 12 mg./100 ml. in the 
corresponding control eyes. In view of these findings, 27-gauge needles 
were used in all infusion studies to minimize disturbance to the eye. 

The change in the intra-ocular pressure when saline was infused into the 
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anterior chamber of a living rabbit is shown in a typical record i in Fig. 3. 
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Fic. 3.—Intra-ocular pressure during an infusion of saline phosphate (pH 7:4) at the rate of 
5 ul. min.-1 into the anterior chamber of an anaesthetized rabbit (wt. 2:6 kg.). Injection was 
begun at t=0 min. 


The infusion led to an immediate rise in the intra-ocular pressure until a 
new steady state was attained in 10 to 15 min. In similar experiments 
infusions of 0:5 to 7:5 ul. min.-! were made, and again the intra-ocular 
pressure increased and closely approached a steady state in approx. 15 min. 

Continuation of the infusions over longer experimental periods caused 
variations in the intra-ocular pressure. In two rabbits infusions of 2-3 ul. 
min.~! were continued for 45 min., and in one the intra-ocular pressure 
increased from an initia] value of 21 to 28 mm. Hg in 15 min. and remained 
at this level during the remaining 30 min. of the experiment. In the other 
rabbit a similar rise in intra-ocular pressure was observed but there was a 
subsequent fall of 5 mm. Hg. When the infusion was stopped the pressure 
fell below the pre-infusion value and showed no signs of recovery in the 
ensuing 20 min.; in addition, the aqueous humour of this eye was found to 
be moderately plasmoid. In two other experiments, infusions of Sul. min.~! 
were continued for 45 min. The intra-ocular pressures increased in a 
similar manner and extent to that shown in Fig. 3. In one rabbit the pressure 
began to fall again after 30 min., while in the second there was a spontaneous 
increase in the intra-ocular pressure after 35 min. After the infusion was 
stopped the intra-ocular pressures did not return to their initial levels. 

While these preliminary experiments showed that even small increases in 
the normal rate of flow of aqueous humour through the anterior chamber 
increased the intra-ocular pressure, they also indicated that the intra-ocular 
pressure did not increase proportionately with the infusion rate. Thus, in 
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one rabbit having an intra-ocular pressure of 19 mm. Hg, an infusion of 
2ul. min.-! caused an increase of 5 mm. Hg and an infusion of 5 wl. min.~! 
caused an increase of 23 mm. Hg. 

Several attempts were made to obtain sufficient experimental data by this 
method, in order to define the relationship between the steady state intra- 
ocular pressure and the infusion rates in individual eyes, but these failed 
owing to the instability of the eye. In all cases the basal intra-ocular pressure 
fell during the course of the experiment and it was impossible to reproduce 
results. As a consequence a different experimental approach was tried and 
this proved to give reproducible results. 

In this procedure a saline reservoir was used to bring the intra-ocular 
pressure near its steady state value for each infusion rate. If the altered 
pressure was still below the equilibrium value, it continued to increase, 
whereas if the pressure was above the equilibrium value it would fall. By 
recording two convergent curves, the steady state intra-ocular pressure fora 
given rate of infusion could be defined in 2 to 3 min. compared with the 15 
to 20 min. taken to derive the steady state pressure by the previous technique. 
A record of infusion experiments carried out in this way is shown in Fig. 4, 
where the pressure scale has been condensed to illustrate the records ob- 
tained at different infusion rates. In actual experiments greater accuracy 
was obtained by increasing the sensitivity of the recording system. With 
this increased sensitivity the steady state pressure could be evaluated to within 
+2 mm. Hg. In separate experiments the value of the steady state pressure 
obtained by this technique agreed closely with that obtained by the previous 


method. 
(1) (2) (3) 
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Fic. 4.—Technique used in determining steady state intra-ocular pressure for different infusions. 
Breaks in records show time when eye was connected momentarily to saline phosphate reservoir 


to alter intra-ocular pressure. (1) Normal intra-ocular pressure. (2) and (3) Steady state pres- 
sure for infusions of 3-7 and 5 ul. min.-! respectively. 
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The application of this technique to determine the influence of different 
infusion rates on the steady state intra-ocular pressure in a rabbit will be 
considered in detail, The results of a representative experiment are shown 
in Fig. 5(a) (opposite). The normal intra-ocular pressure was recorded at the 
beginning, middle, and end of the infusion studies, and the whole experiment 
was completed within 30 min. The three values of the normal intra-ocular 
pressure varied by less than 1 mm. Hg, and the mean blood pressure remained 
constant (100 mm. Hg). At the end of the experiment the aqueous humour 
was removed from both the experimental and the untouched eye, and the 
concentrations of protein were found to be 15 and 18 mg./100 ml. respectively. 

Similar infusion studies were made on more than fifty normal eyes from 
forty rabbits. The relationship between steady state pressure and infusion 
in all but five of these eyes showed positive curves, and in all eyes the intra- 
ocular pressure increased from its normal value of 20 mm. Hg to approxi- 
mately 60 mm. Hg for an infusion of 6 to 9 ul. min.-!. The results in 26 
normal eyes of animals anaesthetized with Urethane are shown in Table I and 
Fig. 5(d). It will be seen that the steady state intra-ocular pressure increased 
proportionately for the infusions ranging from 3 to 6 y). min.—}, while below 
this range the effect on pressure became disproportionately small as the in- 
fusion rate approached zero. In the five remaining eyes of this series, the 
relationship between pressure and infusion was approximately linear. 

TABLE I 


MEAN STEADY STATE INTRA-OCULAR PRESSURE FOR DIFFERENT RATES OF 


INFUSION OF SALINE PHOSPHATE (pH 7:4) INTO THE ANTERIOR CHAMBER OF 
RABBITS ANAESTHETIZED WITH URETHANE 





Infusion Rate (ul. min.~1) Steady State Intra-ocular Pressure (mm. Hg) 





21-3 +0-49 (26) 
23-1 40-57 (26) 
26°3 +0°82 (26) 
30°8+1-17 (26) 
38-5 +1-90 (26) 
46:2+2°35 (26) 
56-3 +3-14 (26) 
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Eyes of individual rabbits were found to react in the same way to infusions 
of saline phosphate, and the result of an infusion study on one pair of eyes is 
recorded in Fig. 5(c). Similar results were obtained in experiments on the 
individual eyes of three other rabbits. Finally, a comparison of fresh bovine 
aqueous humour and saline phosphate as the infusion medium was made in 
pairs of eyes in two rabbits, and it was found that the two fluids gave essenti- 
ally similar results. 

The effects of these infusions on living eyes showed that the parameters 
determining the normal intra-ocular pressure did not remain constant when 
the pressure in the eyes was increased. The question then arose whether this 
reaction was specific to the living eye, and similar infusion studies were there- 
fore made on dead eyes. 
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Fic. 5.—Relationship between steady state intra-ocular pressure and infusion rates 
in rabbits anaesthetized with Urethane. 

(a) An individual rabbit in which infusions were carried out first in descending 
order (@—e) and then in ascending order (O—-O); 

(b) Records relating steady state intra-ocular pressure and infusion rates in six 
rabbits; 

(c) Results of similar experiments on the left (e——e) and right (Oo——O) eyes of 
one rabbit; 

(d) Summary of results of infusion studies on 26 normal adult rabbits. Each bar 

represents the mean pressure + standard error for each infusion. 
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The first series of experiments was made on eyes left in the dead animal. 
The animals were killed and left for 20 min. to allow the eyes to cool to room 
temperature. The results of the first four experiments (Fig. 6(a), opposite) 
indicated that the intra-ocular pressure in conditions of steady state increased 
approximately proportionately with the rate of flow of fluid into the eye 
over a wide range of pressures. 

The procedure of leaving the eyes in the dead animal was, however, 
dropped in favour of an alternative technique, for it was found that the 
results varied with time after death. Thus, in each of these four experiments, 
the slope of the curve for the second eye, which had been left in the dead 
animal for approximately 90 min., was less than that for the first eye. To 
eliminate this variable factor it was decided to use eyes enucleated from 
living rabbits. The first eye was enucleated and placed in a bed of cotton 
wool moistened with saline, and the infusion study was begun 20 min. after 
enucleation; after completion of the infusion study the second eye was 
enucleated and treated in a similar manner. By this technique the results in 
pairs of eyes were found to agree closely (Fig. 6(b)). The mean curve relating 
the intra-ocular pressure and the rate of infusion in a series of eyes enucleated 
from eight living rabbits is shown in Fig. 6(c) (see also Table II). 

TABLE II 


MEAN STEADY STATE INTRA-OCULAR PRESSURE FOR DIFFERENT RATES OF 
INFUSION OF SALINE PHOSPHATE (pH 7:4) INTO THE ANTERIOR CHAMBER OF 
FRESHLY ENUCLEATED RABBIT EYES 





Infusion Rate (ul./min.~!) Steady State Intra-ocular Pressure (mm. Hg) 





0- 7:0+1:5 (8) 
34 13-8+2-5 (8) 
as 25:3 40-95 (8) 
- 41-9+1-84 (8) 


1 59:'7+2-6 (8) 








The curve is similar to that found in the above experiments made on eyes of 
dead rabbits. The slope of the curve was approximately constant over a wide 
range of pressures (10 to 50 mm. Hg), and was equivalent to an outflow 
resistance of 6-8 (mm. Hg) min. pl.-! These experiments were made at 
20°C. and, if a correction is made for the change in viscosity of water with 
temperature, the value becomes 4-7 (mm. Hg) min. pl-! at 37°C. In tono- 
graphic studies it has been customary to express the outflow resistance in 
terms of a coefficient of facility where this is defined as reciprocal resistance, 
and on this basis the above resistance corresponds to an outflow facility of 
0:21 pl. (mm. Hg)-! min.-! This is less than the mean value of 0-37 ul. 
(mm. Hg)! min.~! found in perfusion studies of dead rabbit eyes by Becker 
and Constant (1956) and the mean values of 0-34 and 0-30 yl. (mm. Hg)-! 
min.~! measured by tonography in anaesthetized rabbits by Becker and 
Constant (1956) and Kornbluth and Linnér (1955) respectively. 
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A comparison of saline phosphate and aqueous humour as the infusion 
fluid was made in pairs of enucleated eyes, and no significant difference was 
found between the two eyes from one animal. Finally, a comparison was 
made of infusion curves in living and dead eyes from four individual animals. 
The result of a typical experiment is shown in Fig. 6(d). 
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f. 6.—Relationship between steady state intra-ocular pressure and infusion rate in eyes after 
eath. 
(a) Records from eyes left in situ in four rabbits; these studies were begun 20 min. after death. 

(6) Agreement in two enucleated eyes from the same animal; studies in each eye were begun 
20 min. after enucleation from the living animal. : 

(c) Mean curve from infusion studies on freshly enucleated eyes from eight rabbits (lower 
curve) and from living rabbits (upper curve). 

(d) syvicel record of results on the living (O——O) and enucleated (@e——@) eyes of the same 
animal. 

All experiments on dead eyes were made at room temperature. 
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Effect of Intra-ocular Infusions on the Pressure in the Contralateral Eye. 
It has been reported by several investigators that, when a tonometer is left 
on the eye for several minutes, the pressure falls approximately 2 mm. Hg in 
the contralateral eye. Prijot and Stone (1956) found that, when this was 
done on rabbits, the outflow resistance, measured tonographically, and the 
episcleral venous pressure remained unchanged in the contralateral eye, and 
they therefore concluded that the observed fall in the intra-ocular pressure 
was due to a decreased rate of aqueous humour formation.- In the present 
study several experiments were made in which the intra-ocular pressures 
of both eyes were recorded during the infusion of fluid into one eye. In- 
fusions of 0-5 to 5 wl. min.—! for 10 min. caused no change in the intra-ocular 
pressure in the contralateral eyes of four rabbits. 

In the same rabbits the pressure in one eye was increased rapidly to be- 
tween 30 and 40 mm. Hg, but again no pressure change was observed in the 
contralateral eye. A typical result is shown in Fig. 7. 
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Fic. 7.—Effect of increased intra-ocular pressure on pressure in the contralateral eye of a rabbit 
anaesthetized with Urethane. The anterior chamber of the right eye (lower record) was con- 
nected to a pressure reservoir at 37 mm. Hg for 3 min., and then the tap was turned off and the 
pressure allowed to fall spontaneously. There was no significant change in the intra-ocular 
pressure in the left eye (middle record). 
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Factors influencing the Relationship between the Intra-ocular Pressure and 
Flow in Living Rabbits 
The preceding observations on the relationship between intra-ocular pres- 
sure and infusions of saline into the anterior chamber of living and dead eyes 
were consistent with the hypothesis that an increase of pressure in the eye 
causes a compensatory decrease in either the rate of aqueous humour forma- 
tion or that of the outflow resistance. If true, this would be a valuable step 
forward in our understanding of the regulation of the intra-ocular pressure, 
but to test this hypothesis directly it would be.necessary to isolate the process 
of aqueous humour formation from that of drainage. Unfortunately, no 
way of doing this under physiological conditions has yet been found. It 
was, however, considered possible to assess the validity of this hypothesis by 
observing what happened to the relationship between the steady state pressure 
and infusion rates under conditions calculated to stimulate homeostatic 
reactions in the eye. In the order to be considered, the experimental proce- 
dures were as follows: 
(a) Intravenous injection of the carbonic anhydrase inhibitor acetazoleamide 
(2- acetylamino—1, 3, 4 thiadiazole 5 sulphonamide. Diamox, Lederle 
Laboratories) ; 


(b) Ligation of the common carotid artery; 
(c) Section of the preganglionic cervical sympathetic fibres; 


(d) Intra-ocular injection of the enzyme hyaluronidase. 


(a) Intravenous Injection of the Carbonic Anhydrase Inhibitor, Acetazole- 
amide.—The object of these experiments was to study eyes in which the intra- 
ocular pressure had been decreased by a reduction in the rate of formation 
of aqueous humour. It is well known that inhibitors of the enzyme carbonic 
anhydrase cause a rapid fall in the intra-ocular pressure of man and animals 
when given by mouth or by intravenous injection, and that this change is 
due to a decrease in the rate of formation of aqueous humour (Becker, 1955; 
Langham and Lee, 1957; Langham, 1958b). It has been found that the 
pressure tends to increase with continued administration of the drug, and 
Becker and Middleton (1955) reported that this was due to a slow com- 
pensatory increase in the outflow resistance. On the other hand, this second- 
ary rise in pressure could be due to a recovery in the rate of aqueous humour 
formation, for Langham and Lee (1957) found that the fluorescein appear- 
ance time returned to normal within 3 hours in spite of continued administra- 
tion of acetazoleamide. As the initial fall in pressure takes place within the 
first 20 minutes, it was thought worthwhile to make infusion studies both 
during this time and several hours after the first injection of acetazoleamide. 

In a series of five rabbits infusion studies were made first on one eye and 
then on the contralateral eye 20 to 40 min. after an intravenous injection of 
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acetazoleamide (50 mg./kg.). The intra-ocular pressures in the control eyes 
were 25, 20, 26, 19, and 19 mm. Hg, and in the corresponding experimental 
eyes 22, 16, 22, 13, and 16 mm. Hg. The curves relating pressure and in- 
fusion rates in the experimental eyes differed significantly from the curves in 
the control eyes, for in three eyes the pressure/infusion curve was linear 
while in the remaining two experimental eyes it showed positive curvature 
but less than in the control eyes; examples of the two types of results are 


shown in Fig. 8. 
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Fic. 8.—Immediate effect of acetazoleamide on relationship between steady state intra-ocular 


pressure and infusion rate in anaesthetized rabbits. 
Infusion studies on the first eyes (O——O) were completed before the intravenous injection of 
acetazoleamide (25 mg./kg.). Those on the second eyes (@——@) were started 15 min. later. 


° 
° 


In two further experiments acetazoleamide was given to the conscious 
animals (50 mg./kg.) and the infusion studies were started 60 min. later. 
All four eyes were studied and the pressure was found to increase in pro- 
portion to the rate of infusion. 

In a second series of five rabbits acetazoleamide was given hourly and the 
animals were anaesthetized 300 min. after the initial injection; the dosage 
was adequate to sustain an effective inhibitory concentration throughout the 
experimental period. The mean intra-ocular pressure in the ten eyes of the 
five rabbits was 21-1+0-77 mm. Hg, and the mean femoral arterial blood 
pressure was 107 mm. Hg. This pressure is higher than the mean intra-ocular 
pressure observed at 30 to 60 min. in the previous series, and is not signi- 
ficantly different from the mean pressure of 20-6 +0-57 found in the control 
series. Results from pairs of eyes agreed closely and in all five animals there 
was a linear relation between the intra-ocular pressure and the infusion rates 


(see Fig. 9, opposite). 
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Fic. 9.—Effect of continued administration of acetazoleamide on relationship between steady 
state intra-ocular pressure and infusion rate in two rabbits. The drug was injected intravenously 
into the conscious animals in an initial dose of 50 mg./kg. followed by an hourly injection of 


25 mg./kg. 
300 min. after the initial injection the animals were anaesthetized and infusion studies made on 


both eyes (O—-O). 


(b) Unilateral Ligation of the Common Carotid Artery.—Barany (1947a) 
reported that unilateral ligation of the common carotid artery of rabbits 
caused a fall in blood pressure in the ophthalmic artery from a normal 
value of 100 mm. Hg to approximately 67 mm. Hg, and a decrease of 
3-5 mm. Hg in the intra-ocular pressure. In manometric studies on anaes- 
thetized rabbits, Davson and Matchett (1951) reported that the intra-ocular 
pressure fell rapidly by an average of 7mm. Hg. The effect of this operation 
on intra-ocular dynamics remains in doubt; on the one hand, from deter- 
minations of the turnover rate of Na?4 in the aqueous humour, it has been 
argued that the rate of formation of aqueous humour is not changed signi- 
ficantly (Barany, 1947b) or is reduced by only 7 per cent. (Davson and 
Matchett, 1951), while on the other hand Kornbluth and Linnér (1955) 
concluded from tonographic studies that there was a decrease of approxim- 
ately 60 per cent. in the rate of formation of aqueous humour and an increase 
of 30 per cent. in the outflow resistance. 

A possible explanation of these different conclusions may be found in the 
fact that the observations of Barany and those of Davson and Matchett 
were made soon after ligation of the artery, while those of Kornbluth and 
Linnér were made 24 hours after the operation. It was therefore decided to 
make infusion studies both immediately and 24 hours after the operation. 

In three anaesthetized rabbits, infusion studies were made on one eye and 
the carotid artery on the contralateral side was then tied and an infusion 
study initiated 15 min. later. In two of these rabbits ligation of the artery 
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caused an immediate fall in the intra-ocular pressure, but in the third (see 
Fig. 10) no immediate fall took place. At 15 min. the pressures were approxi- 
mately steady at 2, 2, and 3 mm. below normal. In all of these experiments 
the curves relating pressure to infusion rates were similar in the control and 
experimental eyes. 
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Fic. 10.—Immediate effect of unilateral carotid ligation on relationship between steady state 
intra-ocular pressure and infusion rate in an adult rabbit anaesthetized with Urethane. 
An infusion study on one eye (O——O) was completed before ligation of the contralateral com- 
mon carotid artery and an infusion study on the second eye (@——@) was begun 20 min. later. 
The record on the right shows the immediate effect of clamping and unclamping the homolateral 
carotid artery on the intra-ocular pressure in this rabbit. 


In four further rabbits, infusion studies were made 24 hours after the 
ligation of one common carotid artery. The intra-ocular pressures in the 
control and experimental eyes were 17-5, 24-0, 22-5, and 20 mm. Hg and 
12-5, 20, 15, and 14-5 mm. Hg respectively, and the mean femoral arterial 
blood pressure was 115 mm. Hg. The results of infusion studies in the 
control eyes were the same as in normal eyes, but the results in the experi- 
mental eyes were significantly different. In three of the four rabbits the 
steady state intra-ocular pressure in the experimental eyes increased pro- 
portionately with the infusion rates (Fig. 11, opposite). In the fourth eye, 
which had a very low intra-ocular pressure (12 mm. Hg), the intra-ocular 
pressure increased very little for moderate increments in the infusion rate. 
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(c) Unilateral Section of the Preganglionic Cervical Sympathetic Fibres.— 
Davson and Matchett (1951) reported that section of the preganglionic 
sympathetic fibres of rabbits caused an immediate rise in the intra-ocular 
pressure in 26 out of 49 animals and no pressure change in the remaining 
23 animals. In rabbits studied 24 hours after the operation, Linnér and 
Prijot (1957) found the intra-ocular pressure to be equal in pairs of eyes, and 
they concluded from tonographic studies that there was no change in either 
outflow resistance or aqueous humour formation. The present series of ex- 
periments was made immediately and 24 hours after section of the nerve; 
1 cm. of the nerve was removed 2 to 3 cm. proximal to the superior cervical 
ganglion. 
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Fic. 11.—Relationship between steady state intra-ocular pressure and infusion rate in rabbits 
24 hrs after unilateral carotid ligation. 

The immediate effect of section of the nerve was studied in three rabbits, two 
of the results being recorded in Fig. 12 (overleaf). In all three rabbits section 
of the nerve caused no change in the intra-ocular pressure, but the results of in- 
fusion studies in experimental eyes were significantly different from those in 
control eyes. The steady state intra-ocular pressure in the experimental eyes 
was found to increase proportionately with the rate of infusion of saline phos- 
phate into the anterior chamber. In two of these rabbits the slope of the curve 
exceeded that in the control eye, while in the third eye the slope was signi- 
ficantly less. Analysis of the aqueous humour of these rabbits showed that, 
in the first two, the protein content of the experimental eyes much exceeded 
that in the control eyes, while in the third rabbit the aqueous humour in 


both eyes was non-plasmoid. 
47 
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Fic, 12,—Effect of preganglionic cervical sympathotomy on relationship between steady state 


intra-ocular pressure and infusion rate in anaesthetized rabbits. 
(a) and (b) Records made on eyes before (O-—0) and immediately after (@——@) section of 


the nerve. 
(c) and (d) Records made on control (O—-O) and experimental eyes (@—@) 24 hrs after 


section of the nerve. 

In four rabbits examined 24 hours after unilateral preganglionic cervical 
sympathotomy, the intra-ocular pressures in the control and experimental 
eyes were 20, 19, 21, and 20 mm. Hg, and 20, 21, 19, and 18 mm. Hg re- 
spectively; the mean femoral blood pressure was 115 mm. Hg. The effect 
of different intra-ocular infusions on the control eyes was similar to that on 
normal eyes, but in the experimental eyes the intra-ocular pressure was 
again found to increase in a linear manner with the rates of infusion. 

(d) Intra-ocular Injections of Hyaluronidase.—Recently, Barany (1954) and 
Barany and Scotchbrook (1954) have shown that the outflow resistance in 
the enucleated and living eye could be decreased by intra-ocular injections 
of hyaluronidase, and in the present experiments an attempt was made to 
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assess how far the action of the enzyme on the outflow resistance would 
affect the relationship between the steady state intra-ocular pressure and 
different rates of infusion in living eyes. 


The first experiments were made on freshly enucleated eyes to determine 
the enzyme activity needed to decrease the outflow resistance. One eye was 


used as a control and different concentrations of the enzyme were added to 
the perfusate for the second eye. A typical result of the fall in the outflow 


resistance after an intra-ocular injection of hyaluronidase in a dead eye is 
shown in Fig, 13. 
b) 
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Fic. 13.—Influence of hyaluronidase on relationship between steady state intra-ocular pressure 
and infusion rate in living and dead rabbit eyes. 
(a) Results of infusions of saline phosphate (pH 7-4) into a freshly enucleated eye (O—o) and 
saline phosphate containing 50 V.R.U. hyaluronidase/ml. into the second eye (@—®). 
(6) Comparison of the action of saline phosphate containing 5 V.R.U./ml. (O——O) and 
50 V.R.U./ml. (@—@) of hyaluronidase. 
(c) and (d) Infusion studies on a normal living eye (O—O) and the eye of the same animal after 


mixing hyaluronidase with the aqueous humour of the anterior chamber to give a final concentra- 


tion of approximately 10 V.R.U./ml. (@—e). 
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These results are in agreement with Barany’s observations that the rate of 
flow of fluid from the anterior chamber increased approximately 100 per 
cent. after injection of hyaluronidase. In further experiments it was found 
that a concentration of 5 Viscosity Reducing Unit ml.-!(V.R.U.) in the an- 
terior chamber was sufficient to cause a maximal reduction in the outflow 
resistance (see Fig. 13); lower concentrations still affected the outflow resis- 
tance, but the reaction took up to 30 min. for completion. 

On the basis of these experiments, initial studies on the living rabbit were 
made with saline phosphate containing 5 V.R.U. hyaluronidase ml.—1, but 
this was found to be insufficient to affect the eye. In four further experiments, 
sufficient hyaluronidase was mixed directly with the aqueous humour of the 
anterior chamber to give a final concentration of approximately 10 V.R.U. 
ml.-!, and this did cause a decrease in the intra-ocular pressure. Un- 
fortunately, this concentration of hyaluronidase also caused a rapid increase 
in the permeability of the blood-aqueous barrier to protein, and the intra- 
ocular pressure became unstable. Evidence, however, that hyaluronidase 
caused a marked decrease in outflow resistance was found in two of the four 
treated eyes, and one of these results is recorded in Fig. 13(c). 

The results in the other two treated eyes were similar; the pressure infusion 
curve in one of these eyes is shown in Fig. 13(d). In this experiment the 
infusion study was begun 20 min. after the intra-ocular injection of hyaluro- 
nidase. The aqueous humour removed at the end of the experiment was 
plasmoid, but the result is of some interest because the basal intra-ocular 
pressure increased by only 2 mm. Hg during the experimental period. It 
will be seen that the pressure/infusion relationship under these conditions 
was linear. 

Discussion 

Normal Intra-ocular Pressure.—Previous knowledge of the intra-ocular 
pressure has been based almost entirely on the indirect measurement of 
tonometry. In this procedure the pressure is evaluated from the degree of 
corneal indentation induced by a standard plunger resting on the cornea. 
By the use of calibration scales the tonometric reading is translated into 
units of absolute pressure. The limitation of this technique arises from the 
serious difficulties in obtaining valid calibration scales, and, although the 
relationship between corneal indentation of a standardized tonometer and 
pressure in human eyes has been extensively studied, there is still some 
doubt as to the accuracy of published curves (Friedenwald, 1948, 1954; 
Kronfeld, 1958). In rabbits attempts to calibrate tonometric readings with 
pressure have been made by Bliedung (1923) and Barany (1947a), who found 
that the calibrations for rabbit eyes differed from those for human eyes and 
also that there was a difference between the living and dead eyes of the same 
animals. Neither Bliedung nor Barany calculated the mean intra-ocular 
pressure of the rabbits used in their studies, but from experimental results 
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quoted in Barany’s Table 6 the writer has calculated that the mean pressure 
of seven conscious rabbits was 27:5+0:26 mm. Hg. This value is signi- 
ficantly higher than those reported in more recent studies in which the authors 
have used calibration scales published for human eyes. Thus Schmerl and 
Steinberg (1949) reported the mean intra-ocular pressure of nineteen con- 
scious rabbits to be 24-0+0-61 mm. Hg, using the 1948 Schidtz tonometric 
tables, and Stone and Prijot (1955) reported the mean intra-ocular pressure 
of conscious rabbits to be 23-0 + 1-23 (10), using the 1954 revised tonometric 
tables (Friedenwald, 1954). If the observations of these two groups of 
workers are transposed to the scales for rabbit eyes published by Bdrany, 
the mean intra-ocular pressures increase to 28 and 29 mm. Hg. 

In view of the uncertainty in calculating absolute pressures by tonometry, 
it is difficult to say whether the pressures measured manometrically in this 
study differ significantly from the pressures found in conscious animals. 
However, a close estimate of the absolute pressure in the conscious rabbit 
may be obtained by using the results published by Stone and Prijot (1955) 
on the effect of anaesthesia on the intra-ocular pressure of individual rabbits. 
In tonometric studies they reported that the mean intra-ocular pressure in 
six rabbits anaesthetized with Nembutal was 85-5+5-8 per cent. of that in 
conscious animals; this represented a fall of approximately 3mm. Hg. Now 
the mean intra-ocular pressure of rabbits anaesthetized with Nembutal and 
measured manometrically in the present studies was 17-2 +0-63 mm. Hg, and 
on this basis the intra-ocular pressure of conscious rabbits should be 20 to 
21 mm. Hg. This pressure corresponds to the mean intra-ocular pressure 
of 20-610-57 mm. Hg found in rabbits anaesthetized with Urethane; it 
would be of interest to see whether Urethane influences tonometric readings 
in rabbits. 

The pressure of 20 to 21 mm. Hg for the eyes of conscious rabbits agrees 
closely with the value accepted many years ago for human eyes. Cridland 
(1917) reported a mean intra-ocular pressure of 20-06 mm. Hg in a series of 
1,000 normal eyes, and Glees (1952) recently reported that the average 
intra-ocular pressure of 5,392 normal human eyes was 20-3 mm. Hg. How- 
ever, because of revisions of the calibration scales for the Schiétz tonometer, 
the mean intra-ocular pressure is now believed to be 15 to 16 mm. Hg. A 
similar value was found by Goldmann (1957) using an applanation tono- 
meter of new design. On the other hand,Maurice (1958), using an indentation 
tonometer with a very small volume displacement, reported the mean pres- 
sure in humans to be 19 mm. Hg, and Estrada (1958), in a manometric study 
of a series of patients, also calculated the mean intra-ocular pressure to be 
19 mm. Hg. 

Influence of Intra-ocular Pressure on Aqueous Humour Formation and 
Outflow Resistance.—It is helpful to consider the results of the infusion studies 
on the basis of the hydrodynamics of the outflow process. The rate of out- 
flow F (ul. min.-!)=(P, —P,)C, where P, and P, are the pressures in the 
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anterior chamber and the episcleral veins respectively, and C is the outflow 
facility (ul. (mm. Hg)-! min.-!). In the present infusion studies, P, was found 
to be 21-3 mm. Hg, and Kornbluth and Linnér (1955) have reported that 
the mean value of P, in rabbits was 8-9 mm. Hg. The absolute rate of flow 
of aqueous humour in these rabbits is not known, but would lie between 
2 and 4 pl. min.-! on the assumption that the flow was 1 to 2 per cent. 
min.-!, If these values are substituted in the above equation, C equals 0-175 
to 0-35 wl. (mm. Hg)-! min.~! 

The influence of increased flow on the intra-ocular pressure has been 
calculated on the assumption that C and P,, remain constant; the results are 
expressed in Fig. 14 and for comparison the observations on the living 
animal have been included. It will be seen that the experimental curve differs 
from the two theoretical curves in showing positive curvature. This means 
that C, P,, or F must vary with pressure. Furthermore, it is evident that 
changes in these parameters took place for pressure increments of less than 
10 mm. Hg, which is the minimal initial pressure increment observed during 
tonographic studies. 

The argument in support of the assumption made in tonographic calcula- 
tions, that moderate changes in pressure do not significantly influence 
aqueous humour formation or outflow resistance, has been based on indirect 
experimental evidence. Grant (1950) studied the volume changes when a 
tonometer with different weights was placed on the eye, and calculated that 
there was an approximate linear relationship between the pressure increment 
and the rate of loss of volume of the eye. In later studies, Grant and Trotter 
(1955) reported that outflow facility measured tonographically in living eyes 
was similar to that estimated from perfusion studies of dead eyes. Although 
these results are consistent with the assumption that pressure does not 
significantly change aqueous humour formation and outflow resistance, the 
difficulties in interpreting such results became evident from a series of 
tonographic studies of eyes of normal subjects by Goldmann (1955). The 
results of these experiments, summarized in Table III (opposite), show that 
the calculated value of the outflow facility in individual eyes decreased as the 
tonometric load was increased from 5to 15g. These observations are consis- 
tent with the evidence found in the present studies that pressure influences 
aqueous humour formation and outflow resistance, but Goldmann at that time 
attributed the change in facility to the elastic properties of the eye. 

Recently, however, Goldmann (personal communication) has reconsidered 
this interpretation in the light of further experimental studies and has now con- 
cluded that, in addition to changes in the elastic properties of the eye, the 
increased pressure causes a decrease in the rate of aqueous humour formation. 

On the other hand, further experimental evidence supporting the view that 
moderate changes in intra-ocular pressure do not influence aqueous humour 
formation and outflow resistance is to be found in the studies of Becker and 
Constant (1956). 
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TABLE III 


CHANGE IN OUTFLOW FACILITY WITH DIFFERENT TONOMETRIC 
WEIGHTS IN TWENTY NORMAL EYES 


The middle column shows the initial intra-ocular pressure immediately after the application 
of the tonometer to the eye 








Tonometric Load Initial Intra-ocular Pressure Outflow Facility 
(g.) (mm. Hg) (ul. (mm. Hg)-! min.-!) 
0:0 14:0+0-41 
5°5 25-4+0-38 0-230 +0-012 
10:0 36-2 +0-64 0-153 +0-007 
15-0 47:1+40-37 0-144 +0-007 











A hypodermic needle connected by polythene tubing to a pressure reservoir 
was introduced into the anterior chamber, and the rate of inflow of saline 
was measured for different pressure heads. Under these conditions the 
relationship of pressure and rate of inflow of fluid was found to be approxi- 
mately linear, and was assumed to be a measure of the outflow resistance. 
In a study of 28 rabbit eyes, Becker and Constant calculated that the outflow 
facility measured tonographically was 0:33 +0-02 ul. (mm. Hg)-! min.~!, and 
in the same rabbits they found that the outflow facility measured by the 
perfusion technique before and after death was 0-34 +0-02 and 0-37 +0-02 ul. 
(mm. Hg)-! min.—! respectively. The close agreement between the results of 
the three series of experiments was regarded as convincing evidence of the 
validity of the tonographic technique in measurements of aqueous humour 
dynamics. 

Theoretically, the relationship between the steady state intra-ocular 
pressure and the rates of infusion into the anterior chamber could be ex- 
plained by a change in episcleral venous pressure, aqueous humour forma- 
tion, or outflow resistance. The large rise in episcleral venous pressure which 
would be necessary to account for the observed curve (Fig. 14a, overleaf) 
appears most unlikely in view of the observation that the episcleral venous 
pressure increases no more than | to 2 mm. Hg when a tonometer is placed 
on the eye (Linnér, 1955). If only the outflow resistance changed with 
pressure it would be possible to account for the observed results by an increase 
or a decrease in resistance depending on the value accepted for the rate of 
aqueous humour formation (see Fig. 14a). If we accept the limits of aqueous 
humour formation as 2 to 4 pl. min.—!, it is evident that for low infusion 
rates the outflow resistance falls below normal, while an upward trend of 
the pressure/infusion curve at higher infusion rates indicates a marked 
increase in outflow resistance. Although no evidence was found in dead 
eyes that pressure influences outflow resistance, support for this interpreta- 
tion may be found in the recent studies of Goldmann (1957), who found the 
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Fic. 14.—Influence of aqueous flow on steady state intra-ocular pressure. 


(a) Upper and lower straight lines calculated on the assumption that the normal rate of flow 
of aqueous humour was 2 and 4 yl. min.~! respectively, using the equation Po =F/C+Py, where 
Py is constant and the normal intra-ocular pressure is 21-3 mm. Hg. 


(6) The normal rate of aqueous humour formation has been assumed to be 3 yl. min.~!, and 
the two lines show the pressure infusion relationship when either aqueous humour formation 
(upper line) or outflow resistance (lower line) falls by 50 per cent. when the infusion rate is 
2 wl. min.-!, 


In both (a) and (6) the mean curve found in living animals is included (O——o). 


pressure in the aqueous veins of individual eyes to increase by 10 mm. Hg 
when the intra-ocular pressure rose by 30 to 40 mm. Hg; this means that the 
pressure gradient between the aqueous and episcleral veins increases with 
the intra-ocular pressure, since the episcleral venous pressure is nearly 
constant under these conditions. 

The observed pressure/infusion curve could also be explained as being due 
to a decrease in aqueous humour formation for the low rates of infusion. 
Experimental support for this explanation has been found in direct measure- 
ments of aqueous humour formation at different pressures (Langham, 1959). 
For higher infusion rates it would however be necessary to assume that 
aqueous humour formation increases above normal if the outflow resistance 
is constant. This, however, cannot be so, for (as stated above) aqueous 
humour formation has been shown to decrease with pressure; it is therefore 
necessary to conclude that outflow resistance does increase at higher pressures. 

To summarize, it would appear probable that both parameters vary 
with pressure and that the resultant pressure/infusion curve is determined 
principally by a decrease in aqueous humour formation or outflow resistance 
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for small increases in intra-ocular pressure, and an increase in outflow 
resistance for pressures well above the normal physiological range. 

From the average pressure/infusion curve in living animals it is possible 
to estimate the error involved in measuring outflow resistance by the tono- 
graphic technique if the effect of the tonometer weight on aqueous humour 
formation and outflow resistance is neglected. In a normal eye, the tono- 
meter (5-5 g.) causes an initial increase of 10 to 15 mm. Hg in the intra-ocular 
pressure and in this pressure range the results of infusion studies indicate 
that the estimate of outflow resistance or of the rate of aqueous humour 
formation could err by at least 50 per cent. 


Regulation of the Intra-ocular Pressure.—The question whether the re- 
lationship in normal eyes between the steady state intra-ocular pressure and 
infusions reflects the ability of pressure to induce compensatory changes in 
aqueous humour formation or in outflow resistance is of fundamental im- 
portance to our understanding of the regulation of the pressure in the eye. 
A linear relationship between pressure and infusions would argue strongly 
against the presence of homeostatic reactions in the eye, and it was therefore 
of particular interest that this relationship in normal eyes showed positive 
curvature. To throw further light on this problem infusion studies were 
made in eyes in which the normal intra-ocular dynamics had been modified. 
It was considered that a change in intra-ocular dynamics would be a stimulus 
to the homeostatic mechanism and that this would modify the positive 
curvature of the pressure/infusion relationship, if this curve was in fact 
evidence of homeostasis. On the other hand, if the positive curvature 
simply reflected an increased outflow resistance at higher pressure, it was 
thought that this curvature was unlikely to be modified by specific effects on 
aqueous humour dynamics. 

The results of the infusion studies not only gave strong support to the view 
that compensatory reactions take place in the eye, but also indicated that 
these reactions were dependent on an intact sympathetic supply to the eye. 
The injection of acetazoleamide (which acts specifically in inhibiting the rate 
of secretion of aqueous humour without affecting the general blood supply 
to the eye) resulted in a linear relationship between pressure and infusion. 
At the same time, unilateral ligation of the common carotid artery (which 
causes changes in blood flow and vascular pressures in the eye, but has little 
immediate effect on intra-ocular dynamics: Barany, 1947b; Davson and 
Matchett, 1951) caused no immediate decline in the normal pressure/ 
infusion relationship. However, 24 hours after the operation, at which 
time a marked change in the rate of aqueous humour formation and out- 
flow resistance has been reported (Kornbluth and Linnér, 1955), the 
pressure/infusion relationship was found to be linear. Thus it appears that 
the initial slope of the pressure/infusion curve is a specific characteristic of 
the normal eye. Furthermore, the increased slope of the curve, which is 
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seen when the intra-ocular dynamics are significantly altered, strongly suggests 
that in the normal eye an increase in pressure causes a decrease either in 
aqueous humour formation or in outflow resistance, or in both. 

The observation that the pressure/infusion curve in normal eyes was 
dependent on an intact sympathetic supply is of considerable physiological 
interest, for it might well indicate that the homeostatic responses in normal 
eyes are mediated through neural reflexes. In this connexion the recent 
findings of von Sallmann, Fuortes, Macri, and Grimes (1958) of a synchro- 
nous relationship between the electrical activity in the long and short ciliary 
nerves and the intra-ocular pressure suggest that pressure receptors may be 
present in the eye and that the ciliary nerves form the afferent portion of 
such a neural reflex. At the same time, the known influence of sympathetic 
nervous activity on intra-ocular dynamics indicates that this nerve could 
constitute the efferent pathway of the reflex, for not only does electrical 
stimulation cause changes in aqueous humour formation (see Langham, 
1958a), but also the excision of the superior cervical ganglion has been 
reported to lower the outflow resistance in rabbit eyes (Langham and 
Taylor, 1959). The presence of a neural reflex of this nature in the eye must 
however remain speculative until more is known of the function of central 
nervous activity in regulating the intra-ocular pressure. This aspect of the 
problem has received much attention in recent years (von Sallmann and 
Lowenstein, 1955; von Sallmann, 1956; Gloster and Greaves 1956, 1957), 
but still remains largely unresolved. 





Summary 


(1) The object of this study-was to determine the effect of the intra-ocular 
pressure on the formation and the resistance to outflow of the aqueous 
humour, and to assess how far these two processes participate in regulating 
the pressure in the eye. 


(2) As a basis to these studies, manometric measurements were made of 
the intra-ocular pressure in normal living rabbits and in rabbit eyes 15 to 
20 min. after death. Animals anaesthetized with Nembutal were found to 
have a slight but significantly lower intra-ocular pressure than those anaes- 
thetized with Urethane. The mean intra-ocular pressure of rabbits anaes- 
thetized with Urethane was 20-6+0-57 (26) mm. Hg, and reasons are put 
forward for the belief that this pressure corresponds closely to the mean 
pressure in conscious rabbits. After death the intra-ocular pressure was 
found to fall to a limiting mean value of 7-0 mm. Hg. 


(3) The relationship between the intra-ocular pressure and different rates 
of infusion of fluid into the anterior chamber of living and dead rabbit eyes 
has been established. In the eyes of freshly-killed animals, the steady state 
pressure was found to increase proportionately with the rates of infusion of 
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fluid over a pressure range of 5 to 50 mm. Hg. In the living animal, however, 
the pressure/infusion relationship showed a positive curve. The results 
indicated that aqueous humour formation, outflow resistance, and episcleral 
venous pressure did not all remain constant when the intra-ocular pressure 
rose. An analysis of the curve suggests that, as the intra-ocular pressure in- 
creased, there was a decrease in either aqueous humour formation or in 
outflow resistance, and that the maximal response corresponded to a decrease 
in aqueous humour formation of aproximately 2 to 3 ul. min.~! or to a de- 
crease in the outflow resistance of approximately 50 per cent. 


(4) Records of pressure in the contralateral eye during infusion studies 
were made, but no evidence was found of any contralateral reaction. 


(5) The results of the infusion studies of living eyes were consistent with 
the concept that the regulation of the intra-ocular pressure involves homeo- 
static reflexes which modify either aqueous humour formation or outflow 
resistance. An attempt was made to analyse this possibility from a study 
of eyes in which the intra-ocular dynamics had been modified. These 
included: 


(a) intravenous injection of acetazoleamide, 

(6) unilateral ligation of the common carotid artery, 

(c) section of the preganglionic cervical sympathetic fibres, 
(d) intra-ocular injections of the enzyme hyaluronidase. 


It was found that the sympathetic fibres to the eye were essential for the 
response of the normal eye to different infusions. The results also indicated 
that the normal response of the eye was significantly reduced by the above 
procedures. 


(6) The significance of these results is discussed in relation to the problem 
of the control of the intra-ocular pressure and to the practical problem of 
measuring outflow resistance and of aqueous humour formation by the tono- 
graphic technique. It is suggested that the action of a raised intra-ocular 
pressure in decreasing the formation or outflow resistance of the aqueous 
humour does form part of the mechanism by which changes in intra-ocular 
pressure are minimized. Furthermore, this evidence leads to the belief that 
the technique of tonography does not give a measure of the outflow resistance 
in the untouched eye. 


I wish to express my sincere thanks to Prof. D. C. Cogan, Prof. M. Grant, and Sir Stewart 
Duke-Elder for their continued interest and advice. I am indebted to the Alfred P. Sloan Founda- 
tion, and the Medical Research Council, England, for the equipment used in this study. 
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LAMELLAR KERATOPLASTY* 


BY 


DERMOT PIERSE snp T. A. CASEY 
From the Croydon Eye Unit 


Tuts report relates to a series of 48 grafts (44 cases) performed in a period of 
approximately 18 months. About one-third of these were undertaken as an 
out-patient procedure, the patients being operated upon under normal theatre 
conditions but returned to their homes by ambulance post-operatively. Ina 
previous communication (Casey, 1958), it was reported that with the simple 
therapeutic graft this is a satisfactory and safe procedure, and a further year’s 
experience has confirmed this. In no case could any ill-effects be ascribed 
to the absence of hospitalization. Most of the other cases were admitted to 
hospital for only very short periods. 

. This series was undertaken in the belief that there are many patients in the 

average ophthalmic out-patient department who would benefit from a thera- 
peutic lamellar graft but that this is not performed because of the shortage of 
hospital beds, the difficulties of correlating donor material availability with 
admission, and the fact that many cases do not justify the time and expense 

involved. Moreover, when cases are routinely transferred to a main centre 

for keratoplasty, surgeons may hesitate to overload the special unit with 
relatively minor conditions such as recurrent herpetic or acne rosacea kera- 

titis. It was in these conditions that we found most use for this procedure. 

Much time is consumed in the treatment of old-standing recurrent keratitis 

and patients endure considerable hardship therefrom. We have been most 

impressed by their dramatic response to lamellar keratoplasty. 


Technique 


Although Jess has been written about the technique of lamellar grafting than 
about that of penetrating keratoplasty, there is less uniformity of method. Some 
new points which have arisen in the course of this series are worth noting. 


(1) Donor Material.—it is not always easy to remove donor eyes within the 
period of 6 to 8 hrs after death usually described as the maximum permissible. 
In the hospital from which most of our donor material was obtained the bodies are 
removed to a refrigerated mortuary within a very short time of death. Taking the 
temperatures of the eyes of cadavers as measured under the closed lids we found 
that the eyes reached 4°C. within 3 hrs of being placed in the mortuary. Under 


* Received for publication December 8, 1958. 
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these conditions it seemed unnecessary to hurry the removal of eyes for storage at 
4°C, The average time before removal was 14 to 20 hrs and the material was then 


used within a few days. 


(2) Reduction of Ocular Tension.—Paufique (1955) has described puncture of the 
anterior chamber before cutting the host cornea in order to produce a flatter cor- 
neal surface and facilitate deep dissection. We have found that retrobulbar 
injection of xylecaine and hyaluronidase with pressure on the globe for 5 minutes 
as described for cataract extraction lowers the ocular tension sufficiently to facilitate 
dissection of the lamellae. 


(3) Suturing—Much use has been made of a suture which combines the firm 
fixation of the direct suture with the support and ease of removal of the overlay. 


We found this suture particularly valuable in cases treated as out-patients (Fig. 1). 


Fic. 1.—Combined overlay and direct suture. 


(4) Inserting Sutures.—A new instrument has been evolved which greatly facili- 
tates the insertion of sutures. This is especially useful when dealing with a small 
thin graft. It consists of a very small sucker with two projecting teeth. This can 
be attached by rubber tubing to an ordinary theatre sucker apparatus or tO a 
mechanical erisophake, or can be used with a rubber bulb. The instrument is 
placed close to the edge to be sutured, the suction is applied by closing the exhaust 
hole with the forefinger, and the needle is inserted so that it emerges through the 
teeth. This has the advantage of firm fixation of the edges to be sutured without 
the trauma which is inevitable with any type of forceps (Fig. 2, A, B, C). 





I 2 3 4in. 





Fic. 2A.—Enlarged view of needle guide. 

















LAMELLAR KERATOPLASTY 





Fic. 2, B and C.—The aes needle guide is connected to a suction apparatus and enables 
sutures to be inserted in corneal edges without trauma. 


(5) Transporting the Graft.—Various types of instrument have been described 
for carrying the graft from the donor to the host. A new instrument has been 
devised in the form of a small rubber bulb sucker, similar to Bell’s erisophake, 


which holds the graft firmly without trauma. It has the advantage that the graft 
is retained in its grasp until it is safely in position in the host (Fig. 3). 


Fic. 3.—A small rubber bulb sucker holds the graft firmly 


without causing trauma. 
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(6) Shape of the Graft.—The use of circular grafts in lamellar keratoplasty as in 
penetrating grafts is almost universal. In lamellar surgery, however, the accuracy 
of fitting of the graft edges is not quite so important as in penetrating keratoplasty, 
principally because Descemet’s membrane and endothelium do not have to be 
joined. We have made much use of rectangular grafts and have found this 
procedure to possess the following advantages: 


(a) The shape and size of the corneal lesion may be such that a square or rectangular 
graft would spare more normal corneal tissue. 


(b) The edge of the graft, with its inevitable slight scar, may be prevented from crossing 
the pupil. 
(c) It is easier to dissect a very deep lamella from the host eye and to keep the dissection 


in the same plane when starting with the straight side and sharp corner of a rectangle than 
when starting from a circular edge. 


(7) Preparation of the Donor Lamella.—Although it is easier to separate the 
donor lamella by slicing it with a blade, such as a razor blade or the special instru- 
ment described by Bock (1949), we feel that this does not give a true separation of 
the layers of the cornea, and we therefore prefer to use a tearing rather than a 
slicing technique. The essential steps are: 


(a) The whole cornea is removed from the donor eye. 


(b) In all subsequent operations the graft is handled by its extreme edge which is finally 
trimmed off and discarded. 


(c) Grasping the straight edge with two pairs of wide forceps, separation is effected 
between two lamellae mainly by tearing but with some assistance from a Bard—Parker knife 
(Fig. 4). 


ne es 
Fic. 4.—Separation of lamellae. 
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(d) The final graft is punched out with a trephine if a circular shape is required, or 
trimmed to size with scissors for a rectangular shape. 


Classification of Cases 


The cases in this series may be divided into the groups set out in the Table. 


























TABLE 
Condition No. of Grafts 
Pterygia .. me ies ae +. + 9 
(a) Active .. By ne “ 4 
Therapeutic 
(b) Recurrent a i ce 13 
Optical .. te we wee a rt 11 
Preparatory to penetrating graft és se 4 
Cosmetic .. ie nae ipa es 3 3 
Retransplants 2 is ss oh ae 4 
Total .. a Sg ~ 48 








(1) Pterygia.—There were nine grafts for recurrent or malignant pterygia. 
We use a rectangular graft which extends two mm. on to the sclera. A point 
in favour of the straight edge of the rectangular graft is that it gives a good 
guide to further observations of suspected recurrences, while overlapping the 
sclera may prevent a recurrence in the episcleral tissue where the disease 
process commences. We feel that, since a high percentage of pterygia recur, 
lamellar keratoplasty is justified as a primary procedure. A limitation of the 
action of the medial rectus muscle has been noted in several cases of ptery- 
gium operated upon by other techniques, but this seems unlikely to follow a 
transplant. There has been no sign of recurrence in any of our nine cases, 
and Case 9 is a typical example. 


Case 9, male aged 47, had previously lived for many years in India where he had had an 
operation upon a pterygium on the left eye 4 years before he was first seen by us. Since 
his arrival in England 2 years ago the pterygium had recurred and a further excision had 
been undertaken. 


Examination.—He was found to have an active pterygium which had extended almost 
to the midpoint of the cornea. 


Operation (December, 1957).—This consisted of a rectangular half-thickness lamellar 
graft 7x5 mm. secured by three parallel combined overlay and direct sutures. The 
patient returned home post-operatively. 

48 
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Result.—Healing was uneventful, and a careful examination with the slit lamp one year 
later revealed no corneal abnormality beyond the scar line marking the edge of the graft 
(Fig. 5). 








ne - 


Fic. 5a—Case 9, typical recurrent pterygium. Pre-operative. 





@ } 
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Fic. 55.—9 months after operation. Arrow 


(2) Therapeutic 

(a) Active Keratitis——The incidence of herpetic keratitis appears to be on 
the increase. Some cases are persistent and eventually extend into the 
stroma, causing disciform keratitis, corneal vascularization, persistent 
uveitis, and even occasionally corneal perforation. Many cases are probably 
aggravated by the indiscriminate use of steroids. The four cases in this 
review showed prompt improvement following keratoplasty. It is felt that 
cases persisting for longer than 2 months should have a keratoplasty. 





indicates edge of graft. 
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Since the completion of this series we have increased the use of lamellar 
grafting in active keratitis with satisfactory results in most cases. 


Case 2, a female aged 32, had severe right herpes ophthalmicus in January, 1955, followed 
by a circular diffuse keratitis about 6 mm. in diameter, involving all layers of the central 
portion of the cornea. This remained continuously active despite all the usual forms of 
treatment and caused severe emotional upset. Before the operation the visual acuity was 
only 2/60. 


Operation (December, 1956).—This consisted of a 7-mm. deep circular lamellar graft 
secured by six direct sutures. 


Result.—One month later the cornea was healed and quiet and there was no further 
keratitis. In October, 1958, the visual acuity was 6/18. 


Case 25, a girl aged 9, had developed a severe bilateral keratitis after an attack of measles 
at the age of one year. Long periods of hospitalization, extensive general investigation, 
and all available forms of local therapy had had no apparent effect over a period of 4 years. 
After this, the left eye became quiescent and the visual acuity was noted to be 6/18. How- 
ever, the inflammation in the right eye remained constantly active and severe photophobia 
continued to interrupt the child’s schooling. Schirmer’s test showed almost complete 
absence of tears. 


Operation (February, 1958). A half-thickness 9-mm. circular lamellar graft was secured 
by four direct and four combined sutures. 


Result.—The graft is clear apart from a fine superficial opacity. With the use of arti- 
ficial tears, her photophobia is very much less, and her eye is quiet. The visual acuity is 
only 6/60, probably because of amblyopia ex anopsia. 


(b) Recurrent Keratitis—As it is reasonable to assume that in recurrent 
herpetic keratitis the virus lies latent in the cornea between attacks, removal 
of the affected cornea is a logical procedure. Other factors may be intro- 
duction of donor antibodies, the biological effect of new tissue, and the 
reduction in vascularity. There were thirteen cases of recurrent keratitis in 
this series. Most of them were herpetic, mustard gas and acne rosacea being 
among the main aetiological factors in the remainder. None has had a 
recurrence of inflammation post-operatively. 


Case 3, a female aged 71, had had bilateral acne rosacea keratitis for 10 years and she had 
made frequent attendances at a London teaching hospital during this period. She had 
diffuse vascularized opacities and a small focus of active keratitis in the right eye. The 
visual acuity was 3/60 in the right eye, and 6/60 in the left. 


Operation (December, 1956).—An 8-mm. lamellar graft was inserted in the left eye, and 
(in January, 1957) an 8-mm. lamellar graft in the right eye, both being undertaken as 
out-patient procedures. 


Result.—Healing was uneventful and the visual acuity is now 6/60 in the right eye, and 
6/36 in the left. Both grafts show diffuse fine opacities and a few fine blood vessels. 
Although her vision is little better, this is one of our most grateful patients, as the recurrent 
episodes of keratitis were painful and the repeated visits to hospital were economically very 
irksome. 
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Case 20, a man aged 40, had had eight attacks of herpetic keratitis in the left eye during the 
past 15 years. He had a dense paracentral nebula with a good deal of surrounding super- 
ficial opacity and a few deep blood vessels. The visual acuity in the left eye was 3/60. 


Operation (December, 1957).—A 7-mm. deep lamellar graft with six direct sutures was 
inserted. 

Result.—The graft is quite clear but there are some deep blood vessels. The visual 
acuity is 6/60 (6/12 with a contact lens) in the left eye. 


Case 40, a man aged 42, had had recurrent keratitis in the left eye for 15 years, the onset 
being usually associated with an attack of malaria. There was dense stromal infiltration 
involving all areas, and many deep blood vessels. The eye was painful and the patient 
requested excision. The visual acuity was hand movements. 


Operation (December, 1956).—A 7-mm. lamellar graft was inserted. 

Result.—There was a moderate post-operative reaction for 3 weeks, but no recurrence 
of keratitis. There is no visual improvement as there is still a marked deep opacity. 
The patient would benefit optically from a penetrating graft, but is happy to be free from 
symptoms. 


(3) Optical.—The dramatic visual improvement that penetrating keratoplasty 
often produces can never be rivalled by lamellar keratoplasty but, in certain 
cases, particularly aphakic cases, a useful degree of visual acuity can be 
obtained with less risk. Only one of the eleven cases in this group was not 
improved. This patient had three grafts and on each occasion the graft 
became opaque. The processes involved in this early clouding have not been 
elucidated, though recently Havener, Stine, and Weiss (1958) have produced 
some evidence in favour of blood group antigens. One of the patients died 
ten weeks after operation and the histology showed no evidence of host 


replacement. 


Case 14, a female aged 85 (Fig. 6, opposite), had a bilateral cataract extraction in 1928. The 
left eye was blind following a retinal detachment and gross calcareous degeneration. The 
sight of the right eye had failed gradually within the past 10 years, so that she found it 
increasingly difficult to get around and reading was impossible, which was a great handi- 


cap as she was highly intelligent. 
Operation (November, 1957).—This consisted of a rectangular lamellar graft 11 x 5mm., 


using four direct sutures and three combined overlay and direct sutures. The donor graft 
included the arcus senilis of the donor and it is interesting that 6 months later this com- 


menced to clear. 
Result.—The graft is perfectly clear, but because of macular changes the visual acuity 
is only 6/24 and N 8. 


Case 17, a male aged 62, had congenital syphilis with bilateral diffuse superficial and deep 
opacities, but no vascularization. The visual acuity was 6/60 in the right eye and 6/36 in 


the left. 
Operation (November, 1957).—A 7-mm. deep lamellar graft with six direct sutures 
was inserted. 
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Fic. 6a.—Case 14, corneal degeneration in aphakic eye; patient aged 86. 





Fic. 6b.—Post-operative appearance. Visual acuity 6/24. Note arcus senilis of donor. 


Result.—The graft is quite clear apart from a faint central opacity. The visual acuity 
in the right eye is 6/12 partly. 





(4) Preparatory.—Where there is marked corneal vascularization, pene- 
trating grafts are almost certain to fail. Like other observers we have noted 
that vascularization often stops at the edge of a lamellar graft, so that a 
smaller penetrating graft has a much better chance of success. We have also 
been impressed by the trophic effects of a lamellar graft on the remainder of 
the cornea. Beta rays have a limited value in reducing vascularization. 
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Many of our therapeutic grafts for recurrent keratitis, having achieved their 
primary aim, are now suitable for penetrating keratoplasty. 


Case 10, a male aged 60 (Fig. 7), had a very severe lime burn of the left eye following a home 
decorating accident in 1954. This resulted in a severe symblepharon of the upper lid and 
the cornea became covered by a densely vascularized membrane. 


Operation (February, 1957).—A complete relining of the upper fornix with buccal 
mucous membrane was satisfactory, and in September, 1957, a total half-thickness lamellar 
graft secured by ten direct sutures was inserted. 


Result.—This was remarkably good at first, but within a few months a superficial opacity 
with fine vascularization spread over most of the cornea. Despite this a visual acuity of 
counting fingers was retained, and after peritomy and beta-ray therapy the patient is 
considered ready for a penetrating graft. 





Fic. 7a.—Case 10, very severe lime burn. Completely vascularized cornea. 





Fic, 76,—9 months after 10 mm. lamellar graft. Visual acuity counting fingers at one metre. 
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Case 22, a boy aged! 13, suffered a firework injury in November, 1954, which resulted in a 
severe burn of the left eye which became secondarily infected. In October, 1955, the 
upper lid was firmly adherent to the upper two-thirds of the cornea. 


Operation (November, 1955).—Before this series was begun the adherent lid was freed 
from the cornea, the upper lid and fornix were lined with buccal mucous membrane, and 
the raw area of the cornea was covered with a thin lamellar graft. The mucous membrane 
graft was satisfactory, but the whole of the upper two-thirds of the cornea became densely 
vascularized. 


Operation (February, 1958).—A rectangular deep lamellar graft 9 x 6 mm. was secured 
by three combined and four direct sutures. 


Result.—This has proved very satisfactory, apart from some vascularization of the 
upper portion. Final treatment will be left until the patient is older. 


Summary 


A series of lamellar corneal grafts is discussed. Some of these were under- 
taken for comparatively mild conditions and without admission of the 
patients to hospital. It is stressed that this is a simple procedure of wide 
application. Some new points of technique are described. 


We wish to thank the nursing and administrative staff of the Croydon Eye Unit, Mrs. Edmée 
Wood for photographs, and Mr. Pain of Messrs. Keelers for technical assistance. 
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USE OF THE ECHOGRAM IN THE LOCATION AND 
DIAGNOSIS OF INTRA-OCULAR FOREIGN BODIES* 


BY 


ARVO OKSALA anp ANTTI LEHTINEN 


From the Ophthalmic Department of the Central Finland Regional Hospital, 
Jyvdskyla, Finland 


It is often difficult to locate an intra-ocular foreign body. Sometimes it may 
be seen and localized by biomicroscopy, ophthalmoscopy, gonioscopy, or 
diaphanoscopy. Yet radiological examination is necessary in every case, 
because the foreign body seen by the foregoing methods is not invariably the 
only one present in the eye. Although x-ray methods (Comberg, Dixon, 
Goldmann and Bangerter, Sweet, Vogt) are fairly safe, an error of as much 
as 2 mm. may occur so that in some cases it may be difficult to determine 
whether a foreign body in the vicinity of the posterior wall lies within the eye 
or outside it. 

Some foreign bodies, such as aluminium slivers, stones, wood chips, and 
glass splinters, cannot be clearly seen on the x-ray film, and ophthalmoscopy is 
not always helpful. Those foreign bodies, which it has been difficult or 
impossible to locate, may now be found by means of the echogram registered 
by ultrasound equipment. 

Oksala and Lehtinen (1957) and Baum and Greenwood (1958) found that 
ultrasonic waves could be used for locating intra-ocular foreign bodies, 
whether they were visible on the x-ray film or not. Oksala (1958) used both 


radiological and ultrasonic methods in diagnosis. 


Equipment 


The ultrasonic apparatus (Fig. la, opposite) was constructed by Dr. J. a. H. 
Krautkramer, Gesellschaft fiir Elektrophysik, Cologne. Beside it a silver-plated 
barium titanate crystal (c) of 5 mm. diameter and 4 Mhz is seen hanging at the 
end of a cable. The functioning of this equipment has been described by Oksala 
and Lehtinen (1957) and Oksala (1958). 

Fig. 1b (opposite) shows an interferometer constructed by the same firm which 
is used for measuring the diameter of the eye and its internal parts. 

Three of the crystals manufactured for ophthalmological examination in accor- 
dance with our instructions are shown in Fig. 2 (opposite). 








* Received for publication December 29, 1958. 
744 











ECHOGRAM IN FOREIGN BODY LOCATION + 745 





(c) (a) (0) 
Fic. 1.—(a) Ultrasound equipment, with a 4 Mhz and 5 mm. crystal (c) hanging beside it at 
the end of a cable. (b) Interferometer. 


Fic. 2.—Three 
silver-plated bar- 


ium titanate 
crystals for oph- 
thalmological 
examination: 

The curved 
handle enables 
the sonic wave to 
be directed 
through the eye 
from back to 
front, instead of 
in the usual 
direction from 
front to back. 


(a) 4 Mhz and 5 mm. 


(6) 6 Mhz and 5 mm. 


(c) 6 Mhz and 10 mm. 





Method of Use 


The eye was anaesthetized with 3 per cent. cornecain drops (Hoechst), and a 


1 per cent methylcellulose solution was pipetted into it as sound transmitter, which 
also formed a protective film between the crystal and the eye. The crystal was then 
pressed very gently against the eye, and the echogram was reflected on the scale of 
the Braun tube and photographed. While the operation is in progress it is advis- 


able to use a blepharostat. 

The near field of all the crystals shown here, i.e. the cylindrical part of the sound 
impulse, is longer than the diameter of the eye, and this makes it possible to direct 
the sound waves. By varying the place of contact of the crystal with the eye, an 


echogram can be obtained from different parts of the eye. 
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If the impulse is directed axially through the eye, the normal echoes seen in Fig. 
3 are obtained. The figure shows on the left a high initial echo or the initial 
impulse, which does not find sufficient space on the scale. 


Fic. 3.—Normal echogram of the eye when sound 
waves pass through it axially. 

On the left a high initial pen followed by the 
short zero-line of the anterior chamber. Next the 
echoes from the anterior and posterior surface of 
the lens separated by a short zero-line. The 
long zero-line represents the vitreous. The echoes 
on the right are emitted by the posterior surface of 
the eye and the retrobulbar tissues. 

This echogram was obtained when the impulse power of the machine was 3 and 
the amplification 10. The frequency of the crystal was 4 Mhz and its diameter 
5 mm. If the impulse is directed through the sclera into the interior of the eye 
beyond the lens, only the initial echo will appear on the screen, and then the zero- 
line of the vitreous and the echo of the posterior wall of the eye. The sound vel- 
ocity of different parts of the eye has been measured with considerable accuracy 
(Oksala and Lehtinen, 1958), and the scale on the screen enables one to calculate 
in millimetres how far the surface which is returning the echo lies from the an- 
terior or posterior wall. 

As illustrated by Fig. 3, the initial echo also comprises a so-called silent area, the 
pathological changes of which are not seen in the echogram, but a foreign body in 
a position corresponding to the end part of the initial echo will produce a separate 
peak within the descending line. If the crystals shown in Figs | and 2 are used, the 
length of the silent area will vary, according to the power of the impulse, from 2 to 
5 mm. 

Since intra-ocular foreign bodies and tumours often lie close to the surface of the 
eye, in the sclera, chamber angle, or ciliary body, attempts should be made to shorten 
this silent area as much as possible. By using intermediate pieces of Plexiglass, we 
were able to reduce the silent area so that the resolving limit was about 1 mm. 

Foreign bodies under the surface were always looked for in front of the equator by 
pressing a crystal fitted with such an intermediate piece against the eye surface. If 
a foreign body lies below this intermediate piece at 1 mm. distance or more, it will 
emit an echo peak, which will be seen either in association with the falling part of 
the initial impulse, or as a separate echo. Superficial foreign bodies behind the 
equator can be sought without the intermediate piece, by directing the sound wave 
against them from the opposite part of the eye. Our experience has shown that in 
these cases also the resolving limit is about 1mm. _ A foreign body with an acoustic 
density markedly different from that of its surroundings will produce either an echo 
partly incorporated with the posterior wall echo or a separate peak, if it is situated 
about 1 mm. in front of or behind the sclera. 

Fig. 4 (opposite) shows a 4 Mhz and 10 mm. crystal with different Plexiglass 
pieces which can be joined to it. These vary in length from 9, and 13, to 
16-4 mm., with diameters of 12, 14, and 15-5 mm. The pieces are connected to 
the crystal by means of a connecting socket and a piece of Plexiglass. 

Fig. 5 (opposite) shows the crystal fitted with the screw-in. We used oil as the 
contact substance between the crystal and the extra piece. 
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Fic. 4.4 Mhz and __ Fic. 5.—One Plexiglass attached to the crystal 
10-mm. crystal with con- by means of the connecting socket. 

necting socket in front and 

different Plexiglass pieces 

on the right. 


When we used a 9-mm. intermediate piece and directed the sound axially, the echo- 
gram seen in Fig. 6A was obtained. The echo marked by an arrow was reflected 
by the anterior surface of the lens, and the echo following it is a multiple of the echo 
coming from the Plexiglass and the corneal border surface. In Fig. 6B the 
zero-point is transferred to the left. When a 13- or 16-4-mm. Plexiglass is used, 
ultrasound is so much weakened that it becomes more difficult to obtain an echo 
from the anterior surface of the lens, but a foreign body with a much greater 
acoustic density produces a clear echo even from the depth of the posterior lent- 
icular surface. We used these Plexiglass pieces in exploring the area below the 
surface of the eye to a depth of 4- to 6-mm. Deeper than that a Plexiglass was 
not used. 


2 ebb fi j 
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Fic. 6.—Echograms obtained by using Plexiglasses of different lengths. The arrow in each case 
marks the echo from the anterior surface of the lens and that from the posterior surface is not seen. 
(A) The initial impulse is seen on the left followed by a high echo from the surface of the Plexiglass 
and the cornea. 

(B, C, and D) The zero point has been moved so far to to the left that the initial echo is out of view and 
that produced on the border of the Plexiglass and the cornea can now be seen in its place. 

In A and B a Plexiglass of 9 mm. was used, in C 13 mm., and in D 16-4 mm. 
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The resolving limit of the Plexiglass pieces is also made clear by our observation 
that they enable us to record the echo emitted by the posterior surface of the bovine 
cornea. The human cornea is so thin that we failed to obtain a separate echo from 
its posterior surface. 

Besides showing the site of the foreign body the echogram can also give an 
approximate idea of its size. The longer the foreign body is the longer will be the 
echo produced by it. For example, the vitreous of a bovine eye with a small 
wooden particle implanted into it was placed into a cuvette, and the crystal was 
pressed against the vitreous so that the impulse encountered the particle (Fig. 7A); 
the screen then showed the echogram seen in Fig. 7B, from which the length of the 
chip in the axis of the impulse could be computed. 





Fic. 7 (A).—Vitreous of a bovine eye in Fic. 7 (B).—Echogram so obtained, 
a cuvette, with an implanted wood chip. the echoes emitted by the wood 
Above it is the crystal, which is directed particle being seen in the middle. 
towards the chip. 


Although the position of a foreign body in the axis of the impulse can be calcu- 
lated to a millimetre we have not yet succeeded in determining the exact posi- 
tion of the ray within the eye. Superficial foreign bodies in the anterior parts of 
the eye as far back as the equator can be located with an accuracy of about 1 to 
2 mm., but those in the central and posterior parts of the eye are liable to an error 
of several millimetres, the main difficulty being to find the correct meridian. 
Our best results were obtained by combined radiological and ultrasonic examina- 
tions. 


Case Reports 


Case 1, a male aged 26, had had a metal sliver penetrate his left eye while using a hammer, 
and was admitted to hospital on the same day. 

The visual acuity of the left eye was 1-0 and the ocular tension 20 mm. Hg (Schigtz). 
A perforating wound approximately 2 mm. long was seen in the sclera of the left eye close 
to the limbus on the nasal side. Slight hyphaema was present in the anterior chamber. 
A small iron sliver could be seen with the ophthalmoscope in the retina below and tempor- 
ally, and it had seemingly penetrated as far as the sclera. The foreign body was surroun- 
ded in the retina by oedema and small haemorrhages. 











a. > = 





ECHOGRAM IN FOREIGN BODY LOCATION 749 


The foreign body was located by x rays by Comberg’s method and this also indicated 
that the iron sliver was lying partly in the retina and partly in the sclera. No other foreign 
bodies were seen. 

By the ultrasonic examination normal echograms were obtained from every part of the 
left eye, except from the direction of the sliver seen in the retina. A crystal of 6 Mhz and 
5 mm. was used, force 4, amplification 7. Fig. 8 shows the echogram obtained by direct- 
ing the sound waves against the iron sliver. On the right the arrow marks the echo partly 
incorporated with that from the posterior surface of the eye. The echogram showed the 
head of the sliver to lie about 1 mm. in front of the fundus. The vitreous produced a pure 
zero line throughout, which showed that its structure was little damaged. 


Fic. 8.—Echogram obtained from the left eye 
in Case 1 when the sound impulse encountered 
the iron particle embedded in the retina and 
the sclera (arrow). The echo emitted by the 

icle is incorporated to some extent with 
that from the posterior surface of the eye. 
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The extraction was carried out by first applying diathermy to the sclera at the site of the 
splinter, and removing the iron particle by means of a magnet through the scleral wound 
thus made. The eye healed well and the visual acuity remained at 1-0. 


Case 2, a male aged 41, had had a metallic particle enter the right eye about some 4 years 
before while using a hammer. He was unable to remember what metal he was working 
on at the time, and because the visual acuity was unimpaired and he had no pain in the eye, 
he had not sought medical aid. Two years later, however, redness and pain began to 
appear in the right eye from time to time, and in the course of one year there was continued 
deterioration of vision. 


Examination.—The visual acuity of the right eye was 4, and the perception of light 


uncertain. Slight ciliary injection was seen in the eye. The ocular tension was 55 mm. 
Hg (Schigtz). The cornea was oedematous and the scar of a small perforating wound was 
seen at its temporal margin. There was a corresponding small hole in the iris. The 
posterior lens capsule showed a central opacity, there were abundant floating opacities 
in the vitreous, and the fundus could not be seen distinctly. However, the optic disc 
appeared clearly excavated. No foreign body could be located with the ophthalmoscope, 
the slit lamp, or x rays. 

By the ultrasonic examination normal echograms were obtained everywhere in the eye, 
except directly from below in the region of the equator. A crystal of 6 Mhz and 5 mm. 
was used, force 4, amplification 10. By directing the sound wave from above and from 
behind the limbus down to the equator the echogram seen in Fig. 9 was obtained. Close 
to the echo from the posterior surface of the eye, a high sharp peak was seen (arrow). 






Fic. 9.—Echogram obtained from the right eye 
in Case 2 when the sound impulse encountered 
the foreign body in the vitreous (arrow). 
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This suggested the presence of a foreign body in the vitreous about 3 mm. in front of the 
fundus. Low echo peaks could be obtained from the vitreous only in places. 

Since pain in the right eye was neither persistent nor strong, the patient has not yet 
consented to have the eye enucleated, and it is not possible to establish what foreign body 
was involved, but it is almost certainly a metal fragment which cannot be seen by x rays. 


Case 3, a male aged 22, got stone chips in both eyes when a chlorate charge exploded 
prematurely in a hole drilled into a rock. Stone chips were abundant in the skin of the 
face and on the surface of the eyes, and some of them were immediately removed, but each 
eye showed a perforating wound some 2 mm. long, in the right eye on the margin of the 
cornea, and in the left within the sclera. The lens of the right eye was opaque, so that the 
deeper parts of the eye could not be examined with the slit lamp or ophthalmoscope. The 
left eye was hypotonic, and the anterior chamber was full of blood. Visual acuity in both 


eyes was + with slight perception of light. 

The perforating wounds in both eyes were immediately sutured, and the eyes were 
treated with atropine drops and subconjunctival penicillin (500,000 units/0-5 ml. once 
daily). No infection appeared in the eyes. Radiological examination failed to reveal 
any foreign bodies in either eyes or orbits. 

By ultrasonic examination, however, it proved possible to find the stone chips which 
had penetrated into the eyes. Thecrystal was the same in Case 2, force 5, amplification 10. 

Fig. 10 shows the echogram from the right eye when the sound waves had encountered 
the stone chip. It was calculated that the chip was situated low down in the vitreous, 
between the equator and the ora serrata and about 4 mm. in front of the fundus. The 
vitreous reflected only a zero line in the echogram. 

Fig. 11 represents the echogram of the left eye after the sound waves had encountered 
the stone chip. It was calculated that a large stone chip about 2-5 mm. long was lying 
low down in the vitreous immediately behind the lens about 9 mm. from the surface of the 
eye. The vitreous emitted numerous low echoes in every direction which indicated the 
presence of vitreous opacities. 
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Fic. 10.—Echogram obtained from the right Fic. 11.—Echogram obtained from the left 
eye in Case 3 when the sound impulse eye in Case 3 when the sound impulse 
encountered the stone particle situated in the encountered the stone particle in the anterior 
vitreous (arrow). part of the eye (arrow). 
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Operation.—Linear cataract extraction was performed on the right eye. No vitreous 
was lost and post-operatively the visual acuity was 0-5 with glasses. A small stone chip 
could now be seen with the ophthalmoscope in the lower part of the vitreous. Since the 
operation the eye has remained symptom-free and the patient is troubled only by slight 
photophobia. Post-operatively the eye was treated with atropine and prednisolone drops. 
No removal of the stone chip from this, the patient’s only seeing eye, has been contem- 
plated. 
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The left eye became completely blind 2 weeks after the accident with persistent hypotony. 
The cornea was much injected so that the interior of the eye could not be seen. Neverthe- 
less, the eye has remained fairly quiet and treatment has been continued with local atropine 
and prednisolone drops. 


Discussion 


The echogram of the eye registered by ultrasonic equipment has proved 
very useful in diagnosing intra-ocular foreign bodies. At present both radio- 
logical and ultrasonic methods are used. With the aid of Plexiglass the echo- 
gram will record those which are as close as about | mm. to the surface of the 
eye, and in such cases the ultrasonic method is as accurate as the x-ray 
method. When the foreign body is very deep in the eye x rays are still found 
to be more accurate. 

The ultrasonic method has the great advantage of being quickly and easily 
applicable while the operation is in progress, and also shows to what extent 
the intra-ocular structures have been damaged by indicating the presence of 
vitreous haemorrhage, retinal detachment, and luxation of the lens. The 
length of the foreign body in the direction of the impulse can also be roughly 
calculated from an echogram. By directing impulses in several directions an 
approximate idea of the size and shape of the foreign body can be 
obtained. 

If a foreign body is invisible to x rays and to ophthalmoscopy, ultrasonic 
examination is the only method of locating it (Cases 2 and 3). The shape of 
an echo peak emitted by a wood, glass, stone, or aluminium particle is 
sufficient to differentiate it from that emitted by a detached retina. Luxation 
of the lens produces two echo peaks separated from each other by a zero line 
approximately 4 mm. long. Vitreous haemorrhages and opacities do not 
cause any diagnostic difficulties in this respect. 

Case 1 is an example of the way in which ultrasonic examination reveals 
whether the foreign body in the vicinity of the posterior surface of the eye is 
lying inside the eye, in the sclera, or outside the eye. 

Finally, this method of investigation is quite safe and has no cumulative 
effect such as may arise from frequent use of x rays. 


Summary 


The ultrasonic echogram records the position of foreign bodies which 
produce no shadow on a x-ray film. Examination by ultrasound can be 
carried out easily and quickly in the course of an operation, and may also 
serve to disclose such pathological conditions as retinal detachment, luxation 
of the lens, and vitreous haemorrhage. 

By using intermediate Plexiglass pieces, it is possible to distinguish even 
those foreign bodies which lie only 1 mm. from the surface of the eye. This 
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method is as accurate as x rays in locating foreign bodies in the anterior part 
of the eye and close to its surface, but x rays are more accurate for locating 
foreign bodies in deeper sites. 

The authors describe their research equipment and method of using it, 
and report three cases which demonstrate its use. 
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POST-OPERATIVE MYCOTIC ENDOPHTHALMITIS 
DIAGNOSED CLINICALLY AND VERIFIED 
HISTOPATHOLOGICALLY*+ 


BY 


BEN S. FINE AND LORENZ E. ZIMMERMAN 


From the Ophthalmic Pathology Branch, Armed Forces Institute of Pathology, 
Washington, D. C. 


THE clinical and histopathological features of exogenous intra-ocular fungus 
infections have recently been the subject of a review (Fine and Zimmerman, 
1959) based upon cases filed in the Registry of Ophthalmic Pathology, special 
attention being directed to those which appeared as complications of intra- 
ocular surgery. Asa result there emerged a rather distinctive clinico-patho- 
logical picture: in contrast with other post-traumatic infections, mycotic 
endophthalmitis develops not immediately, but after a latent period of 
several days to many months. Its initial symptoms may appear suddenly 
but the subsequent evolution of the endophthalmitis is slowly progressive. 
Typically there is a relatively well-localized abscess in the anterior segment 
and light projection remains good for many weeks. Treatment with 
corticosteroid and antibacterial preparations often seems to be beneficial, but 
only for brief periods, after which symptoms return, the disease progresses, 
and enucleation is required. The ocular pain which this disease produces is 
believed to be the result of the inflammatory reaction itself for there is rarely 
a secondary glaucoma. 

As our review of the Registry cases was being completed and the distinctive 
clinical features of this infection were becoming apparent, an opportunity 
presented itself to observe a patient with the characteristic clinical picture. 
This provided an occasion to put to a test the diagnostic significance of the 
distinctive features just described. It is the purpose of this presentation to 
report the clinical and pathological observations made in this case. 


Case Report 


An adult white woman was found to have a visual acuity of 20/70 in the right eye and a 
mature cataract with good light projection in the left eye. Examination 4 months later 
showed a decrease in the visual acuity in the right eye to 5/400 with sustained good light 
projection in the left eye. 

A round-pupil intracapsular extraction of the left lens was done under local anaesthesia. 
There were no operative complications and the early post-operative course was uneventful. 
Furacin ophthalmic ointment had been used twice daily for one week before surgery. No 
steroids were used. Examination 18 days later revealed an excellent result. Visual acuity 
in the aphakic eye with a temporary lens (+13 D sph.) was 20/40. Five months after the 
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lens extraction, the visual acuity was 20/20, and the patient was given her permanent 
correction. The visual acuity remained excellent until 8 months after the operation, 
when there was a sudden onset of iritis in the aphakic left eye. Visual acuity dropped to 
20/60 and there was a pronounced flare with cells in the anterior chamber. The iris 
appeared to be adherent to the vitreous face inferiorly and the fundus could not be seen 
satisfactorily. Treatment with 2 per cent. atropine, Meticorten (5 mg. five times daily), 
and topical cortisone was begun immediately. After 3 weeks some improvement was 
noted and there were fewer cells in the anterior chamber. The congestion had far: gely 
cleared and the same medications were continued. Towards the end of the 4th week of 
uveitis, the flare had almost cleared but inflammatory deposits were still present in the 
vitreous. Medications were not changed. However, one month after its onset, the 
uveitis became more intense and hypopyon was observed. The patient was hospitalized 
for ACTH therapy. 

A week of hospitalization, continued therapy with ACTH (20 units daily for 5 days) and 
a short course of chloramphenicol produced no improvement. By this time a pupillary 
membrane had formed and filled the pupillary space. It appeared to involve the anterior 
layers of the vitreous but there was no evidence of iris bombé. A large whitish mass could 
be seen through the rather translucent membrane lying behind the lower iris leaf. No 
other details of the vitreous were discernible through the membrane. Light projection 
was excellent and the globe seemed to have normal tension on palpation. 

It was at this time that the patient was first seen in consultation by one of us (B.S.F.). 
In view of the clinico-pathological picture which was considered so typical of post-operative 
mycotic endophthalmitis, a diagnosis of fungus infection was made. Mycostatin was 
started by mouth (one million units three times daily), and injected through clear cornea, 
through the tenacious, rubbery pupillary membrane, and into the whitish mass behind the 
lower iris leaf.* There was moderately severe pain during the night, but this slowly sub- 
sided and the eye became moderately injected (Fig. 1). 


Fic. 1.—12 hours after the initia] 
introduction of Mycostatin into 
the retro-iridic mass, the eye 
appears essentially the same as 
before, except for the perilimbal 
hyperaemia. The localized in- 
flammatory mass, observed here 
through a translucent pupillary 


membrane, fills the lower half of 
the posterior chamber. 





A second injection was given into the same site 36 hours after the first, but this time 


the pupillary membrane seemed dry and brittle and it collapsed when it was perforated 
by the needle. Rupture of the pupillary membrane permitted the white mass to rise into 





*Experiments carried out in our laboratories have indicated that a suspension of Mycostatin (Squibb brand of 
Nystatin) in a dose of 200u in 0-1 ml. physiological saline is tolerated by the normal albino rabbit eye when given as a 
single injection by the direct intravitreal route. A second injection 36 hrs later results in the formation of vitreous strands, 
minute haemorrhages about the optic disc, glial proliferation, exudation of eosinophils and mononuclear cells about 
the nerve head, the retina, and into the anterior vitreous layers, and some posterior subcapsular degeneration of the lens. 
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the pupil and a small amount of exudate spread into the anterior chamber. Light 
projection was still good. The patient again experienced moderately severe pain during 
the night. By morning the anterior chamber had reformed. A small blood clot present 
on the iris at 12 o’clock extended to the white purulent exudate which filled the lower 
half of the pupil. A small amount of this white material lay on the iris leaf temporally, 


extending to the site of paracentesis (Fig. 2). 


Fic. 2.—24 hours after the second 
intra-ocular instillation of Myco- 
statin and 60 hours after the 
initial injection, the exudate ex- 
tends from the posterior chamber 
through the pupil’ and onto the 
anterior surface of the iris, along 


acurvilinear path (arrow), to the 
site of paracentesis. 





Light projection was poor in the lower sectors but was still good in the upper. 
48 hours later the eye was markedly inflamed, with early superficial corneal vascularization 


at the limbus and moderate corneal oedema. The pupil was almost filled with a yellowish- 
white mass. Tension was normal on palpation. Therapy with oral Mycostatin and 


potassium iodide was continued for almost 2 weeks but, because of chronic pain, progres- 
sive endophthalmitis, and some loss of appetite and weight, the eye was enucleated. 
This was done 2 months after the onset of uveitis and 10 months after the cataract extrac- 
tion. Unfortunately the eye was fixed in formalin and cultures were not obtained. 

Since enucleation the patient has been in good health and there has been no other 
evidence of mycotic infection. 


Laboratory Examination 
Examination of the eye in the laboratory revealed it to be normotensive and of 
normal size. The globe did not transilluminate. The anterior chamber appeared 
shallow, the peripheral iris grey, and the pupil filled with purulent exudate which 
protruded into the anterior chamber. The eye was opened in the vertical plane. 
The anterior chamber was almost filled by yellowish-white exudate with a mass 
occupying the lens fossa and the anterior vitreous. The remainder of the vitreous 
was clouded and gelatinous in consistency anteriorly. The retina was separated 
from the choroid by a cloudy gelatinous exudate. The choroid was in normal 
position posteriorly but widely separated from the sclera peripherally. A whitish 
semi-gelatinous exudate was present in the suprachoroidea from the equator to the 
scleral spur (Fig. 3, overleaf). 
Microscopically the limbus was congested and densely infiltrated with mono- 
nuclear inflammatory cells. There was vascularization of the peripheral corneal 
stroma, especially adjacent to the healing corneal scar superiorly. The central 
corneal stroma was infiltrated with polymorphonuclear leucocytes, most intensely in 
the posterior layers. Much of the anterior chamber was filled with pus, which 
extended through the pupil from several large abscesses in the anterior vitreous. 
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Fis. 3.—Enucleated eye opened in the vertical plane revealing a mass of 
dense white purulent exudate in the vitreous anteriorly and in the anterior 
chamber. Serous exudate fills the suprachoroidea anteriorly where the 
ciliary body and peripheral choroid are detached; similar non-purulent 


exudate occupies the space beneath the detached retina. 


The iris vessels were engorged, the stroma was filled with proteinaceous exudate, 
and the anterior layers, particularly of the upper iris leaf, were necrotic. The lens 


was absent. 
Peripheral to the large central vitreous abscesses were smaller, discrete micro- 


abscesses overlying the peripheral retina and ciliary body (Fig. 4, opposite). Using 
the staining procedures recommended by Gridley (1953) and Grocott (1955), non- 
pigmented, septate, occasionally branching hyphae of a fungus averaging 2 microns 
in width were readily seen (Fig. 5, overleaf). No bacteria could be demonstrated 
with Gram stains. The posterior vitreous cavity, the peripheral subretinal space, 


and the peripheral choroid and ciliary body were all filled with proteinaceous 
exudate. The oedematous ciliary body was dislocated forward on the scleral spur. 
Peripherally, percipient cells and nerve fibres of the retina exhibited degenerative 
changes, but posteriorly about the nerve head the retina remained intact. There 
was perivascular cuffing of retinal vessels with lymphocytes and a number of poly- 
morphonuclear leucocytes were present on the anterior retinal surface. 


Comment 


The foregoing clinical case was recognized as a probable post-operative 
intra-ocular fungus infection 9 months after cataract extraction and 38 days 
after the onset of uveitis. Treatment with antibiotics and steroids for 38 days 
had produced only transient and incomplete control of the uveitis. An 
attempt was then made to arrest the infection with oral administration and 
intravitreal injections of Mycostatin suspension, but the infection was far 
beyond control by the dosage used. This intravitreal dosage had proved 
successful in limiting early Aspergillus infections in experimental animals 
when the two important factors of size of inoculum and time of institution of 
specific therapy were under more rigid control. 
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Fic. 4.—There is intense infiltration of the detached ciliary body and iris by acute and 


chronic inflammatory cells. In addition to the diffuse polymorphonuclear leucocytic 
invasion of the anterior vitreous, there are several discrete micro-abscesses (arrows). 
The scar of the surgical incision may be noted at the upper limbus. Haematoxylin and 


eosin. xX 3. 


However, this case does serve to illustrate the typical appearance of such an 
infection and to point out the characteristic clinical history that accompanies 
it. One must also consider in the differential diagnosis the possibility of 
lens-induced anterior segment inflammation. However, in cases of success- 
ful intracapsular lens extraction, phakogenic endophthalmitis would be most 
unlikely. 

Delayed bacterial infections complicating filtering scars or glaucoma 
surgery are much more fulminating; they generally lead to rapid loss of 
vision and diffuse inflammation throughout the entire anterior chamber and 
vitreous. 

We can only speculate as to the pathogenesis of these post-operative fungus 
infections, and this has already been done elsewhere (Fine and Zimmerman, 
1959). Suffice it to say that we believe fungal elements are introduced into 
the eye at the time of intra-ocular surgery and that they may grow slowly or 
even remain dormant for long periods before provoking an inflammatory 
response. In this connexion we may observe that some of the medications 
employed during intra-ocular surgery, at the hospital where this patient’s 
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Fic. 5.—Branching septate mycelial structures morphologically consistent with those of 
species of Aspergillus, Cephalosporium, and many other ubiquitous saprophytes. Gridley 
stain. x 1,200. 


cataract extraction was performed, were contained in conventional dropper 
bottles to which no preservatives (e.g. chlorbutanol or benzalkonium chloride) 
had been added. That hospital, like many others, has now abandoned use of 
the dropper bottles and has switched to disposable sterile containers for 
single patient use. 


Summary 


Exogenous intra-ocular fungus infections, which seemingly are on the 
increase, produce a rather distinctive clinico-pathological picture. We have 
reported here a typical case which appeared about 8 months after an unevent- 
ful intracapsular cataract extraction but which was not recognized for what 
it was until the uveitis had been treated with antibiotics and corticosteroids 
for over a month. An attempt to control the infection with the antifungal 
agent Mycostatin was without success. The infection was believed to have 
been too far advanced to have given the Mycostatin a fair trial. Prophylaxis 
is still all-important and deserves continued emphasis. 
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CASE NOTES 


OCULAR METASTASIS FROM SEMINOMA* 
BY 


MICHAEL GARRETT 
Radium Institute, Liverpool 


Case Report 


A man aged 78 had noticed a swelling of the left testicle in August, 1958. Within 6 weeks 
an orchidectomy was performed. The testicle showed a necrotic growth and there were 
malignant nodules in the spermatic cord. A histological section was reported as being 
composed of large spheroidal cells intermingled with lymphocytes typical of a seminoma 
(Fig. 1). In September, 1958, a swelling was found in the left groin. This was treated 
by a single application of high-voltage x rays and in one month the swelling had disap- 


peared. 


eo 


Fic. 1.—Section from testicular tum 
cells intermingled with lymphocytes, a typical seminoma. x 190. 


In November, a swelling appeared on the lateral aspect of the right eye (Fig. 2, overleaf), 
a fullness below the left ear, a red nodule on the outer aspect of the lower third of the right 
leg, and enlarged glands in the right upper deep cervical group. These were diagnosed 
as metastatic deposits from a seminoma. 
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ry deposit in lateral aspect of right eye. 


Fic. 2.—Seconda 


A biopsy from the nodule on the right leg again showed the structure of a seminoma 
(Fig. 3). 


iad ot. 62 eV i a « 
Fic. 3.—Section from skin deposit showing similar picture to Fig. 1. x 190. 


A single exposure of high voltage x rays was given to the eye lesion and to the 
swelling below the left ear. Within 2 weeks both these lesions had disappeared, but the 
patient died 6 weeks later from multiple metastases. 


Discussion 
In a review of the literature Willis (1952) discovered references covering 
140 cases of metastatic growths in the eye. Breast carcinoma was the greatest 
offender, 78 out of the 140 cases resulting from this disease. Most of the 
other cases resulted from primaries which are often responsible for metastases 
at unusual sites, e.g. lungs, kidneys, stomach, thyroid, and melanoma. 
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Duke-Elder (1940) gives a very full description of the literature of metastatic 
tumours of the eye. He found that the literature had been reviewed and 
collated by several authors, two of whom had recorded more than 200 cases. 
Ask (1934) reported 211 cases, in 59 of which the diagnosis was not histo- 
logically proved; and Lemoine and McLeod (1936) 229 cases, of which 156 
were histologically proved. Most of the cases reported (50 to 60 per cent.) 
were due to metastases from breast, then came the lungs, alimentary tract, 
and thyroid. One case is reported of an intra-ocular metastasis from a 
testicular adenocarcinoma in a boy aged 4 (Goldstein and Wexler, 1935). 

One of the most recent reviews on the subject is that of Boulanger (1954-55), 
who stated that 


“In so far as ocular aetiology is concerned, cancer of the breast occupies the first 
place according to Genet, but Godtfredson gives cancer of the lung the first place. 
These cancers are then followed by kidneys, uterus, testicle, prostate, thyroid, and 
pancreas.” 


This high incidence accorded to metastases from the testicle and uterus is 
surprising. 

Boulanger described four new cases, among them being one in which there 
was a subconjunctival tumour, which was found histologically to be uniformly 
made up of round cells with large nuclei, with plenty of chromatin, and was 
in fact a lymphosarcoma of the lymphoblastoma type. This patient also had 
a huge testicular tumour. 


I wish to thank Dr. J. S. Fulton for permission to publish this case report and Dr. McConnell 
for the pathological interpretations. 
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TRICHO-EPITHELIOMA OF THE EYELID* 


BY 


S. P. MATHUR anp B. P. MATHUR 


Department of Ophthalmology, P.B.M. Group of Hospitals, 
Bikaner (Rajasthan), India 


THis tumour, first described by Brooke, and later studied by Savatard 
(Mackenna, 1937), is rather rare. Its aetiology is congenital, though the 
lesion may not appear until puberty, and is frequently hereditary. The 
tumours, which develop on the face and are usually symmetrical and shiny 
and associated with the hair follicles, may become locally malignant. 


Case Reports 


(1) A female aged 53 years attended the out-patients’ department with the complaint of a 
tumour arising from the margin of the lower lid near the inner canthus which had been 
growing for the last 6 years to its present size of about 1-25 cm. in diameter. There was 
a previous history of a similar smaller growth of 8 years’ duration, arising from the margin 
of the lower lid of the same eye but near the outer canthus, which had been excised about 
6 years before. The present tumour which was tender though not painful, was sessile 
and moved with the skin. The centre of the tumour was keratinized. There were no 
other tumours anywhere else on the face or body. No other abnormality could be detected 
and all the routine laboratory examinations were normal. The growth was excised under 
local anaesthesia, and microscopic examination revealed that it was an epithelioma 


adenoides cysticum. 


(2) A female aged 44 year's attended the hospital with multiple wart-like growths on the 
skin of both the lower lids which had been present for the last 7 years, though more marked 
for the last 12 months. There had been slight burning and irritation for 6 months. The 
growths, ten on the right and eight on the left, were subcutaneous, lobulated, somewhat 
pale, and firm. The upper lids were free and no such growths were visible anywhere else 
on the body. The eyes were normal and routine laboratory examinations did not reveal 
anything unusual. 

Histologically the growths showed marked hyperplasia of the epithelial cells of hair 
follicles and sebaceous glands, with cellular downgrowths and multiple cystic formations. 
No evidence of malignancy was seen. 

(3) A male aged 27 years presented with symptomless multiple tiny papular growths over 
both the lower lids for the last 5 years. There were twelve on the right and ten on the left 
varying in size from a pin head to about 3 mm. wide. They were superficial, soft, lobu- 
lated, and of the same colour as the rest of the face. No such papules were present any- 


where else on the body. The eyes were normal. 
The histological picture was identical to that in the previous case, except that the 


changes were not so much advanced. 
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Discussion 


The name tricho-epithelioma indicates that in this tumour differential 
diagnosis is directed towards the hair structures. Reese (1951) states that 
these tumours may be single or multiple, are noticed in early life, and grow very 
slowly, and that there may be some keratinization as in our first case. In our 
three cases the tumours appeared for the first time when the patients were 
aged 39, 37, and 22 respectively, the first two being unusually late. Keyes 
and Queen (1945) reported a case involving the lid margin with many abnor- 
mal fine blond hairs protruding from the surface. No such feature was 
present in our cases. We feel that the tendency for slow growth of the 
tumour indicates a possible local change towards malignancy. This tendency 
has been observed by Duke-Elder (1952), but Reese (1951) views this tumour 
as a type of basal cell epithelioma. 


Summary 
Three cases of tricho-epithelioma of the lid margin are described. The 
first had several unusual features, namely age at onset, size, the fact that it 
was a solitary lesion, and the tendency to re-appear at a different site. 


These patients were seen at the Victoria Hospital, Bharatpur, and we thank Dr. T. G. Mathur, 
Principal Medical and Health Officer, Bharatpur, for permission to publish this report. 

We also thank Dr. P. N. Wahi, M.D., M.R.C.P., F.N.I., Professor of Pathology, S. N. 
Medical College, Agra, for his opinion on the microscopic appearance of the tumour. 
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TWO CASES OF CONJUNCTIVAL CYST* 
BY 
S. P. MATHUR 
P.B.M. Group of Hospitals, Bikaner (Rajasthan), India 


CONJUNCTIVAL cysts are rare, but six types have been described in the litera- 
ture: congenital cysts commonly seen in naevi; traumatic cysts of the implan- 
tation type following operation or injury; epithelial or glandular retention 
cysts; pseudo-cysts after papillary hypertrophy of the conjunctiva usually 
following trachoma; lymphatic cysts resulting from dilation of lymphatic 
vessels; parasitic cysts. 
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Most of these arise from chronic inflammation of the conjunctiva, in which 
a solid rod of cells or a tubular process grows inwards, the central cells 
gradually degenerating forming a uni- or multilocular cyst. These usually 
occur in the upper lid and fornix, but have also been observed in the neigh- 
bourhood of the caruncle and plica (Duverger and Redslob, 1922; Cirincione, 
1903; Vermes, 1906). 


The present cases are unusual in that a cyst was found at the limbus under- 
lying a pterygium. 


Case Reports 


(1) A male aged 25 years attended the hospital with a swelling over the medial part of the 
limbus of the right eye which had gradually grown during the past 6 months to its present 


size of 0-5 x0-5 cm. A markedly swollen fleshy pterygium was encroaching upon the 
medial part of the cornea. A pterygium operation was undertaken and, as the apex was 


detached from the cornea, a transluscent cyst could be seen beneath. The cyst, which was 
completely free from the overlying pterygium was closely adherent at the limbus and 


adjoining sclera, and was carefully excised. On section, it was found to be unilocular with 
a very thin wall and filled with clear fluid. The pterygium was excised and the area of the 


cyst cauterized. 
(2) A female aged 50 years attended the hospital with a similar swelling which had been 


increasing for over 2 years. The pterygium was very thin and a cyst could be seen through 
it. The cyst was adherent to the episclera, but was easily removed together with the 
pterygium, and showed a similar appearance to that in Case 1. 


Comment 


Bistis (1921) has described the occurrence of a conjunctival cyst after inflam- 
mation due to a pterygium. The present cases are probably of the type in 
which cysts are formed by epithelial down-growth, but the freedom from the 
superficial pterygium and the attachment to the deeper structures suggest a 
congenital origin leading to the development of a cyst in later life (Straeten 


and Duyse, 1924). 


Summary 


Two cases of conjunctival cyst at the limbus hidden by an overlying ptery- 
gium are described and their probable origin discussed. 


These patients were seen at the Victoria Hospital, Bharatpur, and I thank the Principal 
Medical and Health Officer, Bharatpur, for permission to publish this report. 
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CONJUNCTIVAL AMYLOIDOSIS* 


BY 


S. P. MATHUR anp B. P. MATHUR 
P.B.M. Group of Hospitals, Bikaner (Rajasthan), India 


A review of the literature shows that conjunctival amyloidosis as a mani- 
festation of primary amyloidosis is rare, although systemic primary amyloid- 
osis is not so uncommon. It was first described by von Oettingen (1871) and 
brief mention was made by Fuchs (1919), de Schweinitz (1921), Collins and 
Mayou (1925), Wolff (1934), and Castroviejo (1946). Wahi, Wahi, and 
Mathur (1954) reported a case of primary conjunctival amyloidosis and 
stressed its rarity. Srinivasan (1949) reported amyloid degeneration of the 
conjunctiva and showed its association with trachoma. Although the 
relationship between trachoma and amyloid degeneration of the conjunctiva 
is not clear, the association appears to be more than a mere coincidence. 


Case Reports 
Case 1, a farmer aged 50 years, was admitted to hospital with painless tumours of both lids 
of the right eye and the lower lid of the left eye which had been present for the last 14 years. 
The conjunctiva was waxy pale. Both upper and lower lid margins were everted and on 
palpation the tumours appeared to involve the tarsal plate. In the right eye, the cornea 
was dry and adherent to the growth with limitation of ocular movement. Only perception 
and projection of light were present in the right eye, but the left was normal and the 
ocular movements were free, although the growth was loosely adherent to the bulbar 


conjunctiva. Trachoma was not evident. 
The patient was in normal health and there was no enlargement of liver or spleen, the 


kidneys were not palpable, and the cardiovascular system showed no abnormality. An 
electrocardiogram, and blood, urine, and bone marrow examinations were normal. The 


stools showed cysts of Entamoeba histolytica. 
The growths were excised and sent for microscopic examination which revealed amy- 


loidosis with patchy calcification. Mucous membrane grafts were placed for each of 
the lids involved which took up uneventfully. A superficial lamellar keratectomy was 
done for the right eye and the corrected visual acuity improved to 6/36, 


Case 2, a farmer’s wife aged 45 years, attended hospital with the complaint of heaviness 
and ptosis of the right upper lid for the last 10 years. When the lid was everted a pale dry 
growth was seen to involve the whole tarsal conjunctiva. Both eyes were otherwise normal 
and the visual acuity 6/9. Trachoma could not be detected clinically or microscopically. 

The patient was in normal health, there was no liver or splenic enlargement, the 


kidneys were not palpable, and the cardiovascular system and electrocardiogram were 
normal, The blood, urine, stools, and bone marrow revealed no abnormality. 


The growth was excised and the lid margin was sutured with the conjunctiva at the 
fornix. Microscopic examination revealed amyloidosis. 
~ Discussion 
Very few cases of primary amyloidosis of the conjunctiva have been 
I eported in the literature. Primary systemic amyloidosis usually involves 
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heart, blood vessels, skin, and skeletal muscles, with occasional amyloid 
tumours in the urinary bladder, pharynx, tongue, urethra, and respiratory 
tract. The cases reported show that primary amyloidosis of the conjunctiva 
leads to tumour formation involving the tarsal plate. 

The relationship of conjunctival amyloidosis with trachoma has not been 
established in spite of the findings of Srinivasan (1949). 


In Rajasthan, where our two cases were seen, trachoma is so common that 
it affects nearly 80 per cent. of the population, especially the farmers. It is, 
therefore, difficult to assert that these patients had never suffered from trachoma 
though it was not possible to demonstrate it clinically or microscopically. 
In the later stages the trachoma virus is known to hide itself in the tarsal 
plate and it then becomes difficult to stain inclusion bodies in the conjunctival 
scrapings. This would be all the more difficult if the conjunctiva was infil- 
trated with the amyloid material. 

Involvement of the tarsal conjunctiva only and not of the bulbar part, 
makes it more likely that primary amyloidosis of the conjunctiva bears some 
relation to trachoma. 

It is possible that conjunctival amyloidosis may not in fact be so infre- 
quent as is suggested in the literature. Our two cases were found in a random 
sample of out-patients within a period of a few months, and we feel that the 
disease has a predilection for those areas where trachoma is rampant. It is, 
therefore, suggested that all cases of hypertrophy of the tarsal plate and 
conjunctiva should be subjected to microscopic examination for amyloidosis. 


Summary 


Two cases of primary amyloidosis of the conjunctiva are described. It is 
suggested that this disease may not be so rare as reported in the literature 


particularly in the areas where trachoma is common. 


These patients were seen at the Victoria Hospital, Bharatpur, and we thank Dr. T. G. Mathur, 
Principal Medical and Health Officer, Bharatpur, for permission to publish this report. z 
We also thank Dr. P. N. Wahi, M.D., M.R.C.P., F.N.I., Professor of Pathology, $.N. Medical 


College, Agra, for his opinion on the microscopic appearance of the tissues. 
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The Causes of Blindness in the Netherlands. (In Dutch with English Summary.) By 
J. Schappert-Kimmijser. 1959. Pp. viii+148, 3 master tables, Vangorcum, 
Assen, Netherlands. (Hfi. 9.90). 

The growth of statutory obligations towards the blind throughout the civilized world 
has led increasingly to the need of statistical analysis of the blind returns in the different 
countries, and to comparative studies as between different parts of the world. Blind 
statistics compiled by different workers according to personal codes of classification have 
long since given way to fairly uniform groupings. These have consisted of classifications 
mainly on an anatomical or an aetiological basis. The classifications in use in this country 
until recent years have been largely by clinical entity, and it was a real advance when 
agreement was reached between this country and the United States for a cross classifica- 
tion scheme showing both anatomical and aetiological diagnosis. This classification is 
now used in Canada, and is likely to be adopted in other Commonwealth countries; it 
appears to have been introduced, partially at any rate, in Japan, and it is gratifying that 
this scheme has now been adopted for analysis of the causes of blindness in Holland, 

Dr. Schappert-Kimmijser has made a detailed analysis of the causes of blindness in 
4,382 blind persons in Holland. Her material is sub-divided for further study of 2,092 
who have become blind since 1940, and of 668 born blind since 1938. The largest single 
cause of blindness in 4,180 cases blinded by the same cause in both eyes was tapeto-retinal 
dystrophy (including retinitis pigmentosa); this led with 688 cases (16-4 per cent.). Optic 
atrophy accounted for 12-4 per cent., and glaucoma for 9 per cent. In contrast to the 
high rate of about 25 per cent. for senile cataract in England and Wales, only 0-8 per cent. 
of cases in the Dutch statistics were caused by cataract; likewise, only 2-4 per cent. were 
caused by senile macular lesions, which in England and Wales were responsible for another 
25 per cent. The marked discrepancies between the Dutch and the English figures are 
readily explained by the markedly different age distribution of the registered blind in the 
two countries. In Holland only 22 per cent. of the blind were over the age of 70, as 
against some 70 per cent. in England and Wales, 

Studies like the present, whilst of inestimable value in planning services in the different 
countries, have serious limitations for comparative purposes. No direct comparison is 
possible until there is international agreement on the definition of blindness: it is clear 
that in Holland there is a more rigid adherence to the standard of 3/60 than in the United 
Kingdom. Comparison is also impossible until the different countries have fairly similar 
systems of registration; as it is unlikely that compulsory registration of the blind is likely 
to be introduced in any country, the number of blind registered in any particular country 
will continue for many years to come to reflect the efficiency of the social services rather 
than the actual incidence of blindness. Failure to recognize these factors underlies the 
suggestion made in this study that the high incidence of cataract in the blind statistics of 
England and Wales reflects a fear of cataract operation in the English population. Actu- 
ally the inclusion of cataract cases in the blind statistics is a measure of a number of 
complex factors operative amongst the small minority of cataract patients, who for one 
reason or another do not seek operation or are not suitable for it. The increasing 
number of such patients who come to the attention of the registration authorities is little 
more than a measure of the increasing efficiency of the social services. 

The present study breaks new ground in bringing out the high proportion of the retinal 
dystrophies in blind children in Holland. Of those born blind since 1938, no less than 
21-1 per cent. are recorded under this heading. The high incidence of genetically 
determined retinal degeneration in Swedish blind schools has thus been confirmed by this 
study for Holland, It is likely that the incidence of these disorders is as high in the 
United Kingdom as it is elsewhere, and se Ba the past these cases have been classified 








768 BOOK REVIEWS 


under such diffuse labels as congenital amaurosis, congenital chorio-retinitis, cortical 
blindness, and optic atrophy. This monograph is welcome if only for clarifying this 
particular problem. It brings out well how much can be gained from the exchange of 
such observations on an international level—and how much remains to be done. 


Handbook of Physiology. Section 1: Neurophysiology. Vol. 1, 1959, Editor-in-Chief: 
John Field. Pp. 779, 444 figs. Bailliére, Tindall and Cox, London. 1959. 
Price: 176s. 

The first volume of a multi-volume Handbook of Physiology, a large and ambitious 
project undertaken by the American Physiological Society under the general editorship 
of John Field and H. W. Magoun, has appeared. It represents an effort by the physio- 
logists of America to systematize this vast field of knowledge in a readily accessible form, 
and for this purpose they have availed themselves of the help of a large number of out- 
standing workers from many countries of the world as contributors, maintaining a balance 
by introducing each section with a chapter written by an elder statesman still active in 
the field whose role is to synthesise the various contributions and assess the general 
philosophy of the subject as it stands in the middle of the 20th century. 

There is much in this first volume to interest ophthalmological readers, although its 
appealis wider. The first chapter (Mary Brazier) is a fascinating account of the historical 
development of neurophysiology from the theorizing of Aristotle and Galen to the 
present day. There follow chapters on general neurophysiology, embracing the physiology 
of the neuron, the conduction of nerve-impulses, and the mechanism of synaptic trans- 
mission in the skeletal and autonomic systems, as well as the neurophysiology of the 
brain. A full account of the physiology of the sensory mechanisms in man and the lower 
animals constitutes the remainder of the volume, introduced by a contribution from Lord 
Adrian. The most important part of this is devoted to vision, a section introduced by 
H. K. Hartline. It comprises chapters on photo-sensitivity in vertebrates (the Milnes), 
the image-forming mechanism (G. A. Fry), photoreception (G. Wald), retinal neuro- 
activity (R. Granit), and the central mechanism of vision (S. H. Bartley) with its control 
over the receptors and transmission systems (R. B. Livingstone). No better team could 
have been chosen for such a purpose; and each individual author has written a notable 
contribution, at the same time comprehensive and readable. If the remainder of the 
Handbook continues the same standard of excellence, the American Physiological 
Society will indeed have made the scientific world its debtor. 


NOTES 


UNIVERSITY OF TORONTO 
Dr. Frank B. Walsh, Professor of Ophthalmology, Johns Hopkins University, Balti- 
more, Maryland, delivered the second University of Toronto Walter W. Wright Lecture 
in Ophthalmology at the Academy of Medicine on October 23, 1959, 
He spoke on “Trauma to the Skull and Certain Ocular Findings’’. 


A Refresher Course in Eye Surgery has been arranged by the department of Ophthal- 
mology in the University of Toronto for April 4, 5, and 6, 1960. Applications to attend 
the course should be made not later than February 15, 1960, to the Director, Division of 
Postgraduate Medical Education, Faculty of Medicine, University of Toronto, Toronto 5, 


Canada. 


UNIVERSITY OF MINNESOTA 


A Continuation Course in Ophthalmology for Specialists will be held at the Center for 
Continuation Study of the University of Minnesota from January 11 to 13, 1960. 
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Erkrankungen der Orbita 
(1958) .. 122 
sete Rtg Pathologie des Auges 
195 
Vers, E. R.: So dec have Glaucoma 122 
(195 te 5 SEEN VY. 


Brainstem, lesions of, seesaw rnaoanl 


and... 
Bromoacetate, retina and ae .. 147 
Buphthalmos, microphakia and .. 314 
Castanera headlamp _... ae Sea Be 
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Chemosis, protein deficiency and... + 82 
Children, eye diseases of, in Africa 62, 317 
—, , corneal lesions in ... 380 

——, newborn, orbital sepsis in x fe 


Chioroma, orbital 

Chlorpromazine, cataract extraction and 302 
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MONOGRAPH SUPPLEMENTS 


FO BRITISH JOURNAL OF OPHTHALVIOLOGY 


THE NATURE OF THE INTRA-OCULAR Price 7/6 


FLUIDS 


~ Francis Laking Prize 1926-27) 
By W. Stewart DuKE-ELDER. 
140 pages, with Bibliography. 


THE NATURE OF THE VITREOUS BODY Price 5/- 
By W. Stewart Duke-ELperR. 72 pages. 
RADIANT ENERGY Price 7/6 
as a Pathogenic and as a Therapeutic Agent 


in Ophthalmic Disorders 


(The Cfors Edmonds Prize in — 
. B. STALLARD. 128 pa 


ON THE CORRELATION OF SOME Price 5)- 
SENSORY AND PHYSIOLOGICAL PHENOMENA 
OF VISION 
By W. D. WriGut and RAGNAR GrRaNiT. 80 pages. 
. 10 OCULAR ONCHOCERCIASIS, INCLUDING Price 7/6 
AN INVESTIGATION IN THE GOLD COAST 


By Haro_p RIDLEY. 
58 pages, with 27 illustrations and 3 colour plates. 


UVEAL SARCOMATA ; Price 10/- 
By J. D. MARTIN-JONES. 
94 pages, 22 illustrations. 


OCULAR VERTICAL DEVIATIONS Price 12/6 


By J. RINGLAND ANDERSON. 
108 pages, 37 illustrations. 


AN EXPERIMENTAL AND CLINICAL STUDY Price 21/- 
OF THE REACTION OF THE ANTERIOR 
SEGMENT OF THE EYE TO CHEMICAL 
INJURY, WITH SPECIAL REFERENCE 


TO CHEMICAL WARFARE AGENTS 


By IDA Mann, A. Pirie, and B., D. PULLINGER. 
176 pages profusely illustrated in monochrome and colour. 


THE INCIDENCE AND CAUSES OF Price 10/6 
BLINDNESS 


An International Survey, 140 pages. 
By ARNOLD SorssBy. 


Nos. 1, 2, 5, 7 and 8 are out of print. 


Publishing Manager 


BRITISH MEDICAL ASSOCIATION 


B.M.A. House, Tavistock Square, London, W.C.1 
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JOHN WEISS & SON, LTD. 


17 WIGMORE STREET, 
LONDON, W.! 


Telephone: MUSEUM 7733 


BARRAQUER’S ERISIPHAKE 


We are sole distributors of this 
equipment for the United Kingdom 
and Commonwealth Territories 
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CLIFFORD BROWN C 
45 WIGMORE STREET 
LONDON, W.| 


Telephone: WEL 4730 
(Private Branch Exchange) 


Manufacturing Dispensing Opticians 





A High Grade Dispensing Service is available 
at all our Branches 


EAST SHEEN - ~~ 2/0 Upper Richmond Road, S.W.14 
GLASGOW - - = - - (4 Bath Street, C.2 
KINGSTON - - - - =  « 14 High Street 
MANOR PARK - - - 652 Romford Road, E.12 
MORDEN - - - 8 Morden Court Parade 
ORPINGTON, KENT - - = + 260 High Street 
PERTH - - - - 143 South Street 
PUTNEY - - - SI Upper Richmond Road, $.W.15 
REDHILL - - - - - 113 Station Road 
REIGATE - - - - - - 25 Church Street 
RICHMOND - ~-_ -7 Lichfield Terrace, Sheen Road 
S. WIMBLEDON” - - - 70 The Broadway, S.W.19 
SUNDERLAND meee ra 204 High Street West 
TWICKENHAM - - - - - 24 York Street 
VICTORIA - - - - 52 Sloane Square, S.W.| 
WANDSWORTH - - = -_ «= 67 East Hill, S.W.18 
WATERLOO - - - - 298 Waterloo Road, S.E.| 
WELLING, KENT - - - = 35 Bellegrove Road 
WIMBLEDON - - - - 84 High Street, S.w.19 


WORTHING - - _— - Revenue Buildings, Chapel Road 
WEST WORTHING- - 6 Wallace Parade, Goring Road 
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BY APPOINTMENT OPTICIANS TO HER LATE MAJESTY QUEEN MARY 


C. W. DIXEY & SON LTD. 
19 WIGMORE STREET : LONDON W.1. 


TELEPHONE: LANGHAM 1713 


Ophthalmic Surgical Instruments 


<a = T 4 


D.1191 


<r 3 


D.1190 














eos BS 
D.830 


7—— fT | 


D.821 
D.1191, Barraquer’s Brush, Boilable, large size. 
D.1190, Barraquer’s Brush, Boilable, small size. 
D.830. Vitreous Implant Needle, Luer Lock mount. 
D.821. Rycroft’s Air Injection Needle, Luer Lock mount 


(also available with Record mount, fig. D.820), 


Catalogue on request 
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Melson Wingale Lid 


7, WIGMORE STREET, LONDON, W.1. 





Patent No.: 824876 


THE TEMPLE GRIP TRIAL FRAME 


Designed to fit all faces. 
Allows for asymmetrical eyes. 
Only one screw adjustment to each eye. 
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THE TEMPLE GRIP FRAME 


A Spectacle that does not rest on the nose, yet 
retains the appearance of a normal frame. 


Especially useful in cases of patients who cannot 
tolerate any pressure on the bridge of the nose. 














* 
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FEATHEAWEIGHT 








A new concept of eyewear comfort 


* 


Weighing less than half-an-ounce, these new spectacles 
will have an irresistible appeal among those who demand lightweight 
eyewear. In perspex or tortoiseshell with Igard 
plastic lenses, they are a fine example of modern styling allied 


to traditional craftsmanship. 





Optical Dispensing Service 
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CLEMENT CLARKE 


LIMITED 


Dispensing Opticians—Designers and Manufacturers 
of Ophthalmic Instruments 





Service 
through 
Forty 


Branches 





ASHFORD—35, High Street. 
AYLESBURY—9, Kingsbury Square. 
BASINGSTOK E—37, Winchester Street. 
BEDFORD-—‘Sa, St. Peter’s Street. 
BEXLEYHEATH—168, Broadway. 
BLETCHLEY—117, Bletchley Road. 
BRIDGWATER—39, High Street. 
BROADSTAIRS—84, High Street. 
CAMBRIDGE—S9, Trumpington Street. 
CANTERBURY—33, St. Georges Street. 
CHATHAM—‘S0, High Street. 
COLCHESTER—73, Crouch Street. 
DARTFORD—1, Market Street. 
EALING—24, Uxbridge Road, W.5. 
FOLKESTONE—1b, Cheriton Place. 
GRAVESEND—184-5, Parrock Street. 
GRAYS—42, Orsett Road. 

HARLOW—19, Adam’s House, Stone Cross. 
HERNE BAY—155, High Street. 
HERTFORD-—3, Parliament Square. 
HITCHIN—7, Hermitage Road. 
KILBURN—348, High Road, N.W.6. 
LUTON—48, Gordon Street. 
MAIDSTONE—Invicta House, Pudding Lane. 
MARGATE—212, Northdown Road. 
NEWBUR Y—44, Cheap Street. 

NEWTON ABBOTT—37a<, Courtenay Street. 
PALMERS GREEN—130, Green Lanes, N.13. 
PETERBOROUGH—15, Cowgate. 
RAMSGATE—22, King Street. 
READING—17, Queen Victoria Street. 
RUISLIP MANOR—77, Victoria Road. 
ST. ALBANS—36, London Road, 
STAMFORD-—33, St. Paul Street. 
TAUNTON—31, North Street. 
TORQUAY—Next G.P.O., Fleet Street. 
WATFORD—23, Clarendon Road. 
WHITSTABLE—116, Tankerton Road. 
WISBECH—6, The Crescent. 


16, WIGMORE STREET, LONDON W.1. 


Telephone : LANgham 2242 
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CONTROL 
INFECTION 
NIGHT AND DAY 


‘BROLENE 


trade mark 


DIBROMOPROPAMIDINE ISETHIONATE 
EYE OINTMENT 


PROPAMIDINE 
OPHTHALMIC SOLUTION 


These two preparations provide complementary 
forms of treatment for infections and superficial 


injuries of the eye. ‘Brolene’ ointment is best 
used at night while Propamidine Ophthalmic 
Solution is ideal for daytime application. 


PRESENTATIONS 
‘Brolene’ is supplied as a 0-15 per cent eye ointment. 


Propamidine Ophthalmic Solution: 0-1 per cent solution 
in dropper bottles. 


Further information is available on request. 
MANUFACTURED BY : 
MAY & BAKER LTD . ] 


MMMEEE@@EC# 


DISTRIBUTORS 
PHARMACEUTICAL SPECIALITIES 
(MAY & BAKER) LTD 
DAGENHAM 

M&B brand Medical Products 


MA6321/120 
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Connoisseur Distance Type 


The presentation 

of any one of 

four card-mounted 
distance types is 
electrically controlled 
by push-button. 
Chromatic Distance Test 
and Maddox ‘Spot’ 

are built-in to 

the base. 


No. 813 


Console Trial Cabinet 


Made in Hamblin'’s own 
cabinet shop and finished 

to individual taste. 

The trial lenses are 
completely protected in a 
compartment balanced 

for easy opening and closing 
and cushioned against shock. 
A switch panel bears controls 
for e.g. Hamblin’s Connoisseur 
Distance Type, Mains 
Ophthalmoscope and 

Hand Slit Lamp, also for 
general room lighting. 


THEODORE HAMBLIN LTD 


[5 Wigmore Street, London, W.|I. 
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THE CORNEAL 
PACHOMETER 


for determination of corneal 
thickness 





a 


The Pachometer is designed 
for use with the Haag-Streit 
Goldmann Slit Lamp 






PLEASE WRITE FOR DETAILS, 
Meceeicsse”  emmmadamtl 
Y 


DESIGNED AND CALIBRATED 
IN THE LABORATORIES OF 
THE INSTITUTE OF 
OPHTHALMOLOGY 


Stercekss Martin 


FPARTM 








MEMBERS OF THE GUILD OF BRITISH DISPENSING OPTICIANS 
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OCULAR PROSTHETICS 


Mr. STEER WARDMAN 


Artificial Eye Specialist 
of 


Brooks €Wa 


Dispensing Opticians Artificial Eye Makers 
24 REGENT STREET 
NOTTINGHAM 


Telephone: 46309 2 Lines 


Also attends by appointment at the following addresses: 


91, Cornwall Street, ‘ 76, Skinnergate, 
BIRMINGHAM, 3. DARLINGTON. 
Phone: Central 0583 Phone: 361! 


28, Watson Road, 
WORKSOP, NOTTS. 


Phone: 3204 





My work covers ali recent advances in ocular prostheses, 
magnetic artificial eyes, and facial prostheses. 
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MADE EXCLUSIVELY B) 


BRITISH JOURNAL OF OPHTHALMOLOGY DECEMBER 1959 








This is one of our 32 different trial lens sets, illustrated and 


described, together with 304 other items of consulting 
room and hospital equipment, in our 1959 catalogue. 


Our complete Ophthalmological Catalogue gladly sent on request 


160 New Bond Street, 
London, W.|. 


— 0128 


BEXHILL, BIRKENHEAD, BOLTON, BRADFORD, BRIGHTON, BRIXTON, CHESTER, 
COVENTRY CREWE, ‘po NCASTER, EASTBOURNE, ELLESMERE PORT, 


HARROGATE, HASTINGS, HEREFORD, HESWALL, HOVE, HUDDERSFIELD, enut. 
LEAMINGTON, LEEDS, LEICESTER, LIVERPOOL, LUDLOW, \NORTHWICH, NUNEATON 


STAFFORD, TY eELENS. STOKE” STREATHAM, mae WALLASEY ai HART UTHPORT, 
WORCESTER, Works: HOVE and LONDON. 
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Hamblin 
Cabinet 
Test Type 


No. 804 





IMPROVED DESIGN 


Reflections from the glass front are eliminated in 
the redesigned Hamblin Cabinet Test Type. The 
lighting is now housed internally; it provides the 
types with good, even illumination. As many as 
eight types, selected by the oculist, are mounted 
on rollers for remote control by cord. Maddox 
‘Spot’ and Duochrome Test are incorporated. 


THEODORE HAMBLIN LTD 


15 Wigmore Street, London, W.|. 
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CONTROL OF INFLAMMATION 

The hydrocortisone in Terra-Cortril Eye/Ear Suspension 
quickly reduces inflammation, relieving symptoms and 
reducing the risk of permanent damage from scarring. 

CONTROL OF INFECTION 
Terra-Cortril Eye/Ear Suspension also contains Terra- 
mycin*, This potent and ‘unusually well tolerated 
antibiotic rapidly controls infection, and will prevent 
the emergence of infection during the treatment of a 
simple inflammatory reaction. 
Terra-Cortril Eye/Ear Suspension is presented in a 5 ml. tube 
containing, in a controlled-viscosity, gel-like base, 1.5% 
hydrocortisone acetate, 0.5% Terramycin and 0.1% poly- 
myxin B sulphate. The tube is equipped with a special, slender 
applicator nozzle for ease of administration. 





Terra-Cortril* 


brand of oxytetracycline and hydrocortisone 


EYE/EAR SUSPENSION 


SCIENCE FOR THE WORLD'S WELL-BEING 


GED Pfizer Limited - Folkestone - Kent 
*Trade Mark 3384 
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PREDSOL EYE/EAR DROPS 
contain no insoluble hormone particles 





Predsol Eye/Ear Drops are a crystal-clear, stable, aqueous solution 
of 0.56% prednisolone phosphate, a compound two thousand times 
more soluble than hydrocortisone, or prednisolone itself. Because 
it is so soluble, Predsol by topical application achieves the most 
rapid and most thorough contact with affected tissues so producing 
maximum therapeutic effect. 


PREDSOL 


TRADE MARK 


the water-soluble prednisolone 
If infection is present or suspected, use:— 


PREDSOL-N EYE/EAR DROPS 
0.5% prednisolone phosphate with 0.5% neomycin sulphate 
Both products are issued in 3 ml. drop bottles 





Glaxo Laboratories Ltd., Greenford, Middlesex. BYRon 3434 
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OPHTHALMIC DIATHERMY 








Hamblin “OPHTHERM” 


a choice of two models Spark Gap 
with output of identical frequency Valve Type 


Simple, safe and dependable, the Hamblin OPHTHERM is a 
diathermy designed especially for ophthalmic surgery. 
Proved extremely stable and efficient, it has an output 
adequate for every type of patient and every degree of 
tissue resistance. Output, shown on a milliammeter, is 
controlled by either hand- or foot-switch. A graduated 
scale enables any setting to be repeated with exactitude; 
a tick at one second intervals facilitates the timing of treat- 
ment. The OPHTHERM is compact and easily portable, and 
its robust case completely protects the circuitry. 


THEODORE HAMBLIN LTD 


15 Wigmore Street, London, W.|I. 
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Zonulysin 
in cataract 





Zonulysin is a highly purified, sterile 
freeze-dried Alpha-Chymotrypsin, which is particularly 


indicated for resolving the ciliary zonule. 


Maw's Zonulysin is presented in a convenient 


form for this purpose, allowing easy preparation of 


a fresh solution for each procedure. 





ee 


Zonulysin instilled to flood anterior and Suspensory ligament resolved giving easy 
bathe suspensory ligament. withdrawal of crystalline lens. 


Supplied in boxes of 6 ampoules, each containing 
0.2 mgm. Alpha-Chymotrypsin together with 6 ampoules 


each containing 1.0 ml. of Saline diluent. 


Enquiries to Ethical Department 


S. MAW SON AND SONS LIMITED 


ALDERSGATE HOUSE - BARNET - HERTFORDSHIRE 
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HAMBLIN 
LISTER-MORTON 
OPHTHALMOSCOPE 


Introduced in 1928, the Hamblin 
Lister-Morton Ophthalmoscope 
remains the Standard amongst 
electrical ophthalmoscopes with a 
performance that has yet to be 
surpassed. The lighting system has 
been designed to cut down corneal 
reflex to a minimum, and to elim- 
inate reflections, thus making it 
possible to carry out a direct 
examination of the macular region 
in a fully lighted room without 
using mydriatics. 


The battery model, as illustrated, being self-contained is 
ideal for bedside examination, but operation from the mains 
is usually preferred in the consulting room. A good arrange- 
ment for a busy Surgeon is to use the battery model for 
visiting purposes and to have an interchangeable mains 
handle complete with lamp and condensing system for con- 


sulting room use. 


wll 


15 Wigmore St 
London W.| 
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FISON 
BINOCULAR 
INDIRECT 





OPHTHALMOSCOPE 


The Fison Ophthalmoscope is 
the most advanced instrument of 
its kind in the world. Its features, 
many unique, include binocular 
vision, giving a stereoscopic view 
of the fundus, mirror. optics 
ensuring minimum weight and 
brilliant 18-watt illumination. 





The optional reflecting plate, a 
remarkable device, permits two 
observers to view the fundus at 


the same time. It is thus invalu- 
able for teaching or for rapid 
consultation. Write now for 
illustrated brochure giving full 
description. 


39 WIGMORE ST., LONDON W.I. 





Keeler 


INSTRUMENTS THAT LEAD THE WORLD 
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LINWOOD STRONG LTD. 
Dispensing 


Optici ans 


offer first-class facilities and expert 


attention to patients resident in the Sutton, 


‘Epsom, Worthing and Brighton areas. 


SUTTON 


20 High Street, Sutton 
Telephone: VIGilant 2798 


EPSOM 


45 Upper High Street, Epsom 
Telephone: Epsom 2300 


XXiil 


WORTHING 
Connaught Buildings 
Chapel Road, Worthing 


Telephone: Worthing 5193 
BRIGHTON 

57B London Road, Brighton 
Telephone: Brighton 29425 
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Fashion Frames | 








A further example of the spectacle-maker’s craft, 
combined with the jeweller’s, Hand-made frames, 


trimmed hand-set rhinestones and pearls. 


Earrings to match. 


Made and Designed by 


A. E. NEWBOLD, LTp. 
1lb, Hay Hill, Berkeley Square, London, W.1 


HYDE PARK 0945/6 


Branch: | Broadway Buildings ; Branch : 64 High Street 
BROMLEY, Kent BECKENHAM, Kent 
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FLIERINGA’S RINGS 


FOR PREVENTING LOSS OF VITREOUS 


(= a DOWN. ENGLAND 





23 MM, 22 M.M. 2) MM. 
20 WM, 18 MM, 16 MM. bee 


Vide: Trans, Ophth. Soc. U.K., Vol. XXVIII, 1958 


DOWN BROS. and MAYER & PHELPS Lid. 


CHURCH PATH, 32-34, NEW CAVENDISH STREET, 70, GRENVILLE STREET, 
MITCHAM, SURREY. LONDON, W.1!. TORONTO, CANADA. 








4 githfully you"* 


PANKHURST & BARRETT LTD. 


Dispensing Opticians 





27, NEW CAVENDISH STREET, LONDON, W.1 
250, IMPERIAL DRIVE, RAYNERS LANE, HARROW 
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Alfred Mawes 


Thi ie ALP 


THE HIGHEST STANDARDS 
OF OPTICAL DISPENSING 


Our service to the Ophthalmic Medical Profession 
dates from the year 1840, for it was in that year that 
our firm was established in the City of London. 


Tradition and service have, and always will play 
an important part of the life that is contained in the 
‘Square Mile’, and although we have now extended 
our organisation to Branches in other parts of 
London and the Home Counties, we have been at 
pains to maintain at these other establishments the 
reputation that the City of London enjoys. 

We look forward to dispensing the requirements 


of your patients, backed with the advantages of past 
experience coupled with attention to present advances. 


.Y 


ag Ss 

E 

R 

Vv 

i 

HEAD OFFICE: Nei: 
79-79a, LEADENHALL STREET, LONDON, E.C.3. Sse, 


TELEPHONE: AVENUE 4538/9 
WEST END OFFICES: 25, NEW CAVENDISH STREET, LONDON, W.1. Telephone: WELbeck 7862 


BRANCHES: 
CHISLEHURST: Imperial 4433 | ILFORD: Valentine 5825 | STRATFORD: Maryland 3393 
CROYDON: Croydon 5779 | LEATHERHEAD: Leatherh’d 3157 | WALTHAMSTOW: Coppermill 5206 
DORKING: Dorking 3187 | LEWISHAM: Lee Green 2245 | WHITECHAPEL: Advance 2103 
ELTHAM: Eltham 4325 | LEYTON: Leytonstone 2109 | WOKING: Woking 944 
GODALMING: Godalming 2088 | ROMFORD: Romford 42208 | WALTON-ON-THAMES: 
GUILDFORD: Guildford 4911 | ST. PAUL’S CRAY: Foots Cray 4803 Walton 1832 
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——Amsler Charts Manual 









Seven charts in sub- 
stantially bound book 
with set of 50 record- 
ing charts on tear-off 
pad, and full instruc- 
tions for their use by 
Professor Amsler. 






These charts, designed by Professor Marc Amsler of Ziirich, make 
it possible to detect, localise, and analyse the visual functional dis- 
turbances (metamorphopsia, relative scotoma) which accompany the 
beginning and evolution of maculopathies. Many functional disturbances 
affecting the central and paracentral region of the field escape the usual 
quantitative test of central vision since it does not really bring into account 
the quality of the visual trouble. By means of these charts and the method 
and technique of examination described by Professor Amsler such qualita- 
tive measurements are easily made. 


Note.—Spanish, French and German editions are available at same price. 


THEODORE HAMBLIN LTD 


15 Wigmore Street, London, W.|I. 
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Clement Clarke Present 











The New 
HAAG-STREIT 
SlitLamp 

¢ 900 > 


Quotation on 


SOLE AGENTS 
IN UNITED KINGDOM 
FOR HAAG-STREIT 
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The New |HAAG-STREIT| Slit Lamp ‘900 











The new HAAG-STREIT Slit Lamp “900” represents a 
very exceptional advance in design. It is the result of years of . 
intensive research and the achievement of the makers is reflected 
in the large number of orders being placed. 

Delivery delay is inevitable, but the “900” is a Slit Lamp 
worth waiting for. 


STAR FEATURES 


* 


* *k K * 


* 


Precentred and prefocused, burning cap uppermost. 
Illumination increased 30%. 

Overload device practically doubles illumination. 

Slit rotatable through 360° without use of additional prism. 


Horizontal section obtainable due to unique inclining 
device. 


Special device links Hruby Lens to microscope. 


Entirely new device for examining Fundus of high myopes 
available. 


Non-dazzling fixation device always in focus to patient. 


Aplanation Tonometer attachable and removable at will. 


Please write for informative booklet and detailed quotations. 


INSTALLATION and demonstration will be carried out by us at no 





extra charge. 
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Illustrated 
Brochure 
on request 


This new Trial Case is smaller than our well- 
known Major range of Trial Cases, but is 
ideally suited for consulting room or travelling. 


The lenses are standard 38 mm. with a lens 
aperture of 20 mm. diameter surfaced Plano 
convex or concave to give the maximum 
degree of correction during testing. The rims 
are made from solid aluminium and anodised 
Black for concave lenses and either Satin 
Silver or Red for convex powers. 


The well-made panelled case can be supplied 
in Oak or Mahogany and has a lift-off lid, fixed 
tray and a large space for Trial Frames, Cross 
Cylinders, etc. Outside measurements 20” x 
12” x 2?” approx. Price . . . £43 10s. Od. 


A NEW 
TRIAL 
CASE 


S.A.2.B: 








CONTENTS 


23 Pairs each of Plus & Minus Spheres 

0.25 to 3.00 in steps of 0.25D. 
3.50 to 5.00 in steps of 0.50D. 
6.00 to 8.00 in steps of 1.00D. 

10.00 to 16.00 in steps of 2.00D. 

16 Pairs each of Plus & Minus Cylinders 
0.25 to 3.50 in steps of 0.25D. 
4.00 to 5.00 in steps of 1.00D. 

3 Single Prisms - 2, 4, and 6 
9 Accessories 


TOTAL Number of Lenses — 168 





CURRY & PAXTON LTD. 


195-199, GREAT PORTLAND STREET and 22, WIGMORE STREET, LONDON, W.1 


INSTRUMENT DEPT: 120 ALBERT STREET, LONDON, N.W.1.: 





Principal Branches: 
LIVERPOOL SOUTHPORT RICHMOND NORWICH 
GLASGOW BATH WARRINGTON LOWESTOFT 
BRISTOL NOTTINGHAM DERBY LINCOLN 
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We specialise in 
trial case cabinets 
and trolleys 

to individual 
requirements 


Our Standard Trial Case now contains our 
major range of small aperture trial lenses fit- 
ted in a solidly made panelled, lift-ci¥ lid case 
with removable tray. The lid is secured by 2 
strong spring clasps and a lock and key is 
provided. Can be supplied in natural mahog- 
any or oak. 


The lenses are well spaced for easy removal. 
The indices are clearly engraved on white 
plastic with black figures. Outside measure- 
ments 21” x 152” x 22” approx. 

Price £60 


THE NEW 
STANDARD 
TRIAL CASE 


M.I.C. 











CONTENTS 
33 = each of Plus and Minus Spheres. 


0.1 

0. 8 to 4.00 in steps of 0.25 Dioptres. 
4.50 to 7.00 in steps of 0.50 Dioptres. 
8.00 to 14.00 in steps of 1.00 Dioptres. 
16.00 to 20.00 in steps of 2.00 Dioptres. 


= each Plus and Minus Cylinders. 


0.25 to 3.00 in steps of 0.25 Dioptres. 
3.50 to 6.00 in Ne oe of 0.50 Dioptres. 
8 Prisms — 4, 1 ’ 1, » *, 9, Oo. 


Red & Green Glass. 
2 Cross Lines. 
Occluder Disc. 

Pin Hole. 
Stenopaic Slit. 
Frosted Glass. 


TOTAL Number of Lenses — 225 








CURRY & PAXTON LTD. 


195-199, GREAT PORTLAND STREET and 22, WIGMORE STREET, LONDON, W.1. 
INSTRUMENT DEPT: 120 ALBERT STREET, LONDON, N.W.1. 





Principal Branches: 
LIVERPOOL SOUTHPORT RICHMOND NorRwICcH 
GLasGcow BaTH WARRINGTON LOWESTOFT 
BRISTOL NOTTINGHAM DERBY LINCOLN 














Tel.: GUL 7939 
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UNIVERSITY OF LONDON 


INSTITUTE OF OPHTHALMOLOGY, JUDD STREET, LONDON, W.C.I 


Associated with a 
MOORFIELDS EYE HOSPITAL 
Qualified Medical Practitioners may enter the practice of the Moorfields Eye Hospital at any time, and 
are, on certain conditions, eligible for appointment as Clinical Assistants. 


Systematic courses suitable for Diploma and Degree examinations begin in OCTOBER and 


MARCH of each year. 
For further particulars apply to the Dean. 
EXAMINATION OF PATHOLOGICAL OPHTHALMIC SPECIMENS. 
The Department of Pathology of this Institute will examine and report on. certain specimens sent 
by Ophthalmic Surgeons. Specimens sent from Hospitals for further examination should be sent 
through the particular Hospital Pathologist. 


For particulars apply to the Director of the Department of Pathology. 





OPPORTUNITY FOR OPHTHALMOLOGIST in Eastern Canada in province 
offering reciprocity with British Medical register. Ophthalmologist with long- 
established practice in medium size town moving due to family reasons, and 
practice available to well trained man for nominal cost to cover office equip- 
ment only. No competition in town, or area, and good volume of major Eye 
surgery with complete hospital facilities. Present net income exceeding £5,000 
yearly. Ability to do minor office ENT helpful, although small portion of practice. 
Early move very much desired. Chief desire to have competent Ophthalmolo- 
gist to carry on service to community. Reply giving age, details of training and 
experience, marital status and, if possible, enclose snapshot, to Box No. 10, 
British Journal of Ophthalmology, B.M.A. House, Tavistock Square, London, 
W.C.1. 








EAST AFRICAN INSTITUTE FOR MEDICAL RESEARCH 


Male Ophthalmologist possessing a D.O. (or equivalent degree) 
required for Nutritional Ophthalmology Research Unit being 
established with aid of U.S. Public Health Service Research Unit 
grant at Mwanza, Tanganyika, to conduct surveys of eye disease 
in East Africa. Ample opportunity for operative and other treat- 
ment with full facilities for field and laboratory research work. 
Previous research and tropical experience desirable but not 
essential. : 


Appointment on contract for tour of 30 to 36 months with 
gratuity (taxable) of 133% of inclusive salary drawn, payable on 
completion of service. Salary £2,600 a year. 

Air — for officer and family ; sea passages up to cost of 
three adult fares. Annual local leave, and generous home leave on 
completion of tour. Outfit allowance £30. House with hard 
furnishings available at low rent. Advance of salary to purchase 
car and refrigerator permissible. 


Application forms from the Director of Recruitment, Colonial 
Office, London, S.W.1 (quoting BCD 195/210/01). 
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